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HE past ten years have witnessed a 
marked and gratifying improvement 
in the treatment of pulmonary dis- 
ease. Especially has this been true 
with regard to the various forms of suppura- 
tion. Prior to this time the prognosis of lung 
abscess was dismal indeed. Conservative meas- 
ures alone were rewarded by a mortality rate 
ranging from 35 to 70 per cent and less than 
half of those who survived were ‘“cured”’ 
(9, 10, 23, 24). The addition of bronchoscopic 
and surgical drainage to the existing medical 
regimen lowered the mortality rate consider- 
ably, but ‘‘asymptomatic cures”’ still obtained 
in less than 50 per cent (2, 4, 5, 6, 8, 15, 16, 
22, 23, 25). It became apparent that as long 
as a conservative and supportive program of 
some 6 to 12 weeks existed before the institu- 
tion of surgical treatment no better results 
could be anticipated. The impetus for this 
change in thought was supplied by Neuhof 
and his associates (17-20), and a large measure 
of credit is due them for the increasing re- 
duction in mortality and morbidity of late. 
They showed that when the problem of lung 
abscess is treated as surgical from the onset, 
with the employment of immediate or early 
drainage, deaths can be reduced to less than 5 
per cent, with cures ranging correspondingly 
high. These results have been confirmed by 
many others, including Betts, and Overholt 
and Rumel. 
Unfortunately these facts have not been 
fully appreciated by those physicians who are 


in a position to deal with such cases at their 
inception. The advent of chemotherapy and 
the antibiotics has further tended to postpone 
a more definitive surgical attack, so that there 
is a tendency to revert to the so called more 
conservative attitude in the hope that newer 
drugs can accomplish cures denied to earlier 
medical regimens. In an effort to forestall 
any such fallacious thought, this study was 
undertaken. Our attempt is twofold in char- 
acter. It will evaluate the results of prolonged 
conservative treatment with or without chemo- 
therapy before surgical intervention, and at 
the same time indicate what can be accom- 
plished by pulmonary resection in lieu of 
over-optimistic medical care. 

During the 1o year period from January, 
1937, through December, 1946, pulmonary 
resection has been performed in 37 cases of 
lung abscess at the Mayo Clinic. These cases 
were taken from a large number in which re- 
section was performed for pulmonary sup- 
puration. They represent only those in which 
the diagnosis from the onset was that of lung 
abscess, exclusive of underlying pathologic 
changes such as pre-existing tuberculosis, ma- 
lignant lesions, or bronchiectasis. The dif- 
ficulties attendant on excluding pre-existing 
bronchiectasis can be readily appreciated. In 
short, however, all cases considered in this 
paper are those in which the patients were 
well before the present illness, without history 
of previous pulmonary disease, and in which 
disease began with acute symptoms, during 
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which the diagnosis of lung abscess was made 
primarily, and progressed to various stages 
of chronicity under medical management in- 
cluding repeated bronchoscopic aspirations 
and dilatations, chemotherapy, and adminis- 
tration of penicillin. 

In 20 cases abscess occurred during the 
course of a respiratory infection, usually 
stated as being pneumonia. The presenting 
symptoms in all 20 cases were chills, fever, 
cough, sputum, frequently blood-tinged, and 
pleurisy. In 11 cases the abscess followed the 
administration of an inhalation anesthetic 
agent, most frequently in operations about the 
mouth, such as tonsillectomy, extraction of 
teeth and drainage of sinuses. In 5 cases a 
foreign body was found in the resected speci- 
men; in 3 of these the history of aspiration had 
been obtained, but in 2 this finding was totally 
unsuspected. In the 1 final case the abscess 
followed an injury to the thoracic wall, in which 
a segment of rib had pierced the lung, causing 
hemoptysis, infection, and cavitation but no 
hemothorax. 

All but four of the patients in the entire 
series had been given at least one course of 
chemotherapy or penicillin (some as many as 
six), and in all cases both therapeutic and 
diagnostic bronchoscopy had been performed 
repeatedly. In addition, 7 of the patients had 
undergone previous surgical procedures: 2 had 
artificial pneumothorax; 2 had rib resection 
and open drainage twice; 1 had open drainage 
once; 1 had open drainage followed by a six- 
rib thoracoplasty; and 1 had an empyema 
drained—all the foregoing without lasting 
benefit. The average elapsed time from diag- 
nosis to resection for the 37 cases was 18 
months, the extreme being 11 years, indicating 
that this presentation obviously concerns the 
chronic form of lung abscess, a condition 
which calls for resection of destroyed tissues 
and not drainage, such as would be considered 
in dealing with an early uncomplicated ab- 
scess. The relationship of surgical drainage 
and resection will be discussed later. 


ANALYSIS OF MATERIAL 


Thirty-seven patients who had lung ab- 
scess in various stages of chronicity under- 


went pulmonary resection. There were 2 


cases of partial resection, 16 of lobectomy, 3. 
of bilobectomy, and 16 of pneumonectomy. 

Partial resection. It is relatively rare to find 
the surrounding pathologic changes of pneu- 
monitis, fibrosis, and bronchiectasis which 
accompany chronic abscess so localized as to 
permit resection short of lobectomy. We do 
not advocate such an approach, feeling that 
complications are far more likely to arise when 
infected tissue, acute, chronic or microscopic, 
is traversed. These 2 cases presented unusual 
findings. In the first a segmental resection of 
the superior division of the right lower lobe 
was possible, as this segment was anomalous- 
ly separated from the lower lobe, almost form- 
ing a fourth right lobe. The result was excel- 
lent. In the second case there was an abscess 
involving small portions of both the right up- 
per and middle lobes in the region adjacent to 
the fissure. This was excised in toto for imme- 
diate pathologic examination, a malignant le- 
sion being feared. A small empyema devel- 
oped but healed after drainage, and the pa- 
tient is now working normally without symp- 
toms. In these cases the mortality rate was 
© per cent, complications occurred in 50 per 
cent, and the present status is roo per cent 
cured. 

Lobectomy. As a result of aspiration and in- 
fection, the inflammatory changes of lung 
abscess usually occur initially in one broncho- 
pulmonary segment. Without prompt drain- 
age, lymphatic and bronchial spread will take 
place so that all the segments within a given 
lobe may become involved within a short time. 
Whereas it is frequently not necessary —drain- 
age sufficing— and even inadvisable to resect 
a segment of a lobe, the natural divisions of 
an entire lobe lend themselves admirably to 
excision. Thus the entire diseased region may 
be removed, the inevitable regions of paren- 
chymal destruction that result from attempt- 
ed drainage at this stage are avoided, and the 
patient is given a better chance of obtaining 
an asymptomatic cure. In 16 cases lobectomy 
was performed. There were complications in 
only 2 cases, in both of which resection was 
performed in 1938. Mass ligation technique 
was used at that time, and bronchopleural fis- 
tula with empyema developed in each in- 
stance. Both fistulas were drained and, after a 
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A case illustrative of what may happen when a chronic lung abscess 


with surrounding fibrosis and nonaerated lung is treated by open drainage. a 
and b, Appearance of lesion immediately before open drainage 7 months after 
diagnosis. c and d, Two months after open drainage. Note residual parenchymal 


scarring. 


period, healed completely. The patients are 
now asymptomatic, having resumed their for- 
mer work—one as a blacksmith, the other as a 
student. In these cases the mortality rate was 
o per cent, complications occurred in 12.5 per 
cent, and the present status is 100 per cent 
cured. 

Bilobectomy. When the disease process has 
progressed to involve more than one lobe, it 
may be possible to resect the lower and middle 
lobes on the right side, preserving the function 
of the upper lobe. Bilobectomy may also be 
resorted to when the disease, although local- 
ized in one lobe, has involved a second by in- 
flammation and adhesions so as to preclude 
the safe removal of one without the other. 
In 3 cases bilobectomy was performed; in 1 
for the technical reasons mentioned previous- 


ly, and in 2 because of the extensive disease 
process. The patient in one of the latter cases 
died 48 hours after operation from shock with 
pulmonary edema. This patient had under- 
gone open drainage of an interlobar empyema 
1 month previous to resection. At final oper- 
ation the lower and middle lobes were frozen 
in adhesions, and an abscess was found per- 
forating onto the diaphragm. The resection 
was difficult; contamination was widespread; 
2,500 cubic centimeters of whole blood was 
given during operation and the ensuing 24 
hour period and was supplemented by 2,250 
cubic centimeters of intravenous fluid. An 
additional 2,300 cubic centimeters of intra- 
venous fluid was given on the second post- 
operative day. It is quite possible that in the 
effort to overcome operative shock the pul- 
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Fig. 2. a and b, Nine months after open drainage. Patient returned because 
of hemorrhage. Note bronchiectatic changes in the anterior division of right 
upper lobe. After dismissal patient gained 30 pounds (13.6 kgm.), seemed per- 
fectly well and went through a normal pregnancy. c and d, Two and a half 
years after open drainage patient experienced high fever, chills and produc- 
tive cough. Note increased damage to lung. 


monary edema found at postmortem exami- 
nation was produced. In these cases the mor- 
tality rate was 33.3 per cent, complications 
occurred in o per cent, and the present status 
is 66.7 per cent cured. 

Summary of these 21 cases in which con- 
servative resection could be carried out re- 
veals a mortality rate of 4.8 per cent and a 
complication rate of 14.3 per cent. The com- 
plications responded to appropriate treat- 
ment. Thus, in 20 of the 21 cases the final 
result was an asymptomatic cure. 

These results are in sharp contrast to the 
following obtained by pneumonectomy. When 
infection has been permitted to ravage an en- 
tire lung with the production of varying de- 
grees of fibrosis, bronchiectasis, bronchosteno- 


sis and atelectasis, resort to surgical treatment 
becomes in many instances a last-ditch stand. 

Pneumonectomy. In the remaining 16 cases 
total pneumonectomy was performed. There 
were 6 postoperative deaths, 3 within 24 
hours from shock, the fourth within 4 days 
from a stroke, necropsy revealing an infarct 
in the left hemisphere of the cerebrum. The 
fifth patient died on the table from hemor- 
rhage. This patient had undergone 5 previous 
operative procedures elsewhere, including 
several open drainages and a six-rib thoraco- 
plasty. In these 5 cases pneumonectomy was 
performed more than 3 years ago, in 2 of 
them more than 5 years ago. In the sixth case 
pneumonectomy was done recently. The pa- 
tient, a child aged 6 years, left the operating 
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Fig. 3. a, Three years after open drainage. Bronchiectasis increasing. b, Pa- 
tient returned because of spontaneous purulent drainage through scar of open 
drainage wound 4 years after operation. Elected pulmonary resection. c, After 
pneumonectomy. Total pneumonectomy was necessary because of extensive 
inflammatory change with adhesive pleuritis. d, Empyema developed, necessi- 
tating thoracoplasty. Pleural cavity obliterated after 9 months’ drainage. 


room in good condition but died suddenly in 
the elevator on the way to her room. It is 
possible that mediastinal flutter was respon- 
sible for this fatality, although intrapleural 
pressures were determined and the medias- 
tinum was adjusted to the preoperative state 
before the patient left the operating room, as 
is our routine procedure. In this group of 
cases the mortality rate was 37.5 per cent. 
Complications of those patients who sur- 
vived operation were even more distressing. 
In 3 additional cases the patients died from 
brain abscess within 5 months of dismissal. 
One of these patients had experienced two 
jacksonian seizures before operation, and 1 
died 5 months later, after an unsuccessful 


attempt to drain the cerebral suppuration. 
Whether metastasis to the brain had occurred 
before operation or as a result of operation in 
the 2 cases without preoperative signs of cere- 
bral irritation is a matter of conjecture only. 
With the addition of these fatalities our mor- 
tality rate is revised upward to 56.2 per cent. 


In another 2 cases empyema developed. In 
I case it occurred 2 months after dismissal 
from the hospital. Repeated aspiration has 
obliterated the pleural space in 1; the other 
required open drainage and thoracoplasty, 
and is still draining slightly. In a sixth case 
thoracoplasty was required within a year after 
operation because of cough and dyspnea from 
mediastinal shift-and overexpansion of the 
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Fig. 4. 
multiple lung abscesses. 


OBSTETRICS 
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a and b, Posteroanterior and right lateral roentgenograms showing 
The upper abscess in the posterior segment of the 


right upper lobe is filled with inspissated débris; the lower abscess in the superior 


division of the right lower lobe has evacuated itself. 


Pneumonectomy was 


performed with excellent result. c and d, Posteroanterior and right lateral 
roentgenograms revealing a lung abscess with bronchostenosis, atelectasis, and 
fibrotic changes. Right middle lobectomy was performed with excellent result. 


contralateral lung. Complications occurred 
in 37.5 per cent of the cases in which pneumo- 
nectomy was performed. 

The marked discrepancy in results between 
these two groups is obvious. It cannot be ex- 
plained on the basis of magnitude of operative 
procedure alone, for such results are at marked 
variance to our approximate over-all 2:1 mor- 
tality ratio for pneumonectomy versus lobec- 
tomy. We believe the crux of the situation 
lies in the preoperative condition of the pa- 
tient. The individual who has lost the func- 
tion of an entire lung because of widespread 
suppuration and has been subjected to a long 
period of toxicity and debility will inevitably 
undergo extensive surgical manipulation with 


greater risk. If such is the course of conser- 
vatism it becomes paradoxical and should be 
regarded rather as the more radical approach. 
The basic principle of attacking irreversible 
tissue damage early before vital body reserves 
are depleted should remain inviolate. 


COMMENT 


The trend in very recent years in the treat- 
ment of chronic lung abscess has been away 
from open drainage and toward pulmonary 
resection. From 1921 to 1937 the mortality 
rate for drainage in this type of case ranged 
between 21 and 45 per cent (12). More recent- 
ly a number of reports have appeared stress- 
ing the rationale of excision, pointing out 
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postoperative day. 
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a, Multilocular abscess in the posterior segment of the left upper lobe. 
b, Roentgenogram after left upper lobectomy. 
c, Lung abscess located in the superior segment of the 


Patient dismissed on fourteenth 


right lower lobe. d, Bronchogram showing lipiodol filling abscess cavity. Seg- 
mental resection of superior portion of right lower lobe was performed with 


excellent result. 


that. in spite of the poor condition of the pa- 
tient, resection, particularly lobectomy, can 
be accomplished with a low operative risk 
and with a much higher percentage of asymp- 
tomatic cures (1, 7, 11). Lindskog (13) in 1944 
presented a series of 24 resections with excel- 
lent results. Of 14 patients who underwent 
primary lobectomy 1 died, a mortality rate 
of 7.1 per cent. Twelve obtained good 
results, and 1 was still under treatment. Of 
10 secondary resections there were no oper- 
ative deaths, 2 patients dying later of brain 
abscess and streptococcal sepsis. Our results 
are in complete accord with these observa- 
tions, and we feel that they present additional 
arguments in favor of regarding lung abscess 
as a surgical problem from the outset. 


The statement has been made repeatedly 
in the literature that 25 to 30 per cent of lung 
abscesses will clear by medical means alone. 
We agree with this premise, but as the course 
of any given case is unpredictable, it is felt 
that surgical consultation should be sought 
from the outset so that the optimal time for 
intervention may not be overlooked. The 
relationship between drainage and resection 
will in time under these circumstances become 
clear. Resection should supplant drainage as 
long as cases of lung abscess are presented to 
the surgeon in the chronic or complicated 
stage, as has been true in great measure to 
date. Should the patient be seen early and the 
lesion be found to be localized without evi- 
dence of widespread secondary changes (fibro- 
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Fig. 7. a and b, Posteroanterior and lateral roentgenograms show- 
ing an abscess in the right lower lobe of a child aged 6 years. Abscess 
had been present for 1 year. Right lower lobectomy was performed 
with excellent result. c and d, Posteroanterior and lateral roentgeno- 
grams of thorax of a child of 2 years after aspiration of crushed peanuts. 
Four bronchoscopic attempts failed to remove all pieces of peanut. 
Right lower lobectomy; dismissal on tenth postoperative day. 


sis, bronchiectasis, bronchostenosis, atelecta- 
sis), open drainage is the reasonable procedure. 
Under this management, time and thorough 
follow-up with bronchography alone will deter- 
mine whether the parenchymal fibrotic scar 
resulting from drainage will remain as a future 
source of bronchiectatic change with its pooled 
secretions and attendant symptoms. In the 
latter eventuality resection will replace open 
drainage in all forms of lung abscess except 
those in which the disease is fulminating and 
drainage becomes a lifesaving procedure. 


INDICATIONS FOR PULMONARY RESECTION 


At present our indications for pulmonary 
resection in cases of lung abscess are: 


1. Persistent symptoms due to pathologic changes 
secondary to open drainage. 

2. Multiple or multilocular abscesses. 

3. Abscesses associated with secondary changes 
such as fibrosis, bronchiectasis, bronchostenosis, or 
atelectasis. 

4. Abscesses so located anatomically as to be in- 
accessible to adequate drainage. 

5. Abscesses in which the diagnosis of malignancy 
is entertained. 

6. Abscesses associated from the onset with exces- 
sive bleeding. 

7. Abscesses in children. 

8. Abscesses secondary to foreign bodies unremov- 
able by bronchoscopy. 


In this respect our experience has been simi- 
lar to that of Lindskog and Woods and Mc- 
Grath. 
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1. Persistent symptoms of cough, expec- 
toration, or hemorrhage obviously indicate the 
presence of residual or superimposed infection 
in regions of fibrosis and ectasia resulting 
either from undrained regions of the original 
disease process or from the traumatic sequelae 
of surgical drainage. Were all lung abscesses 
treated by open drainage followed at inter- 
vals by bronchography, we have no doubt 
that a large percentage would reveal bronchial 
and parenchymal distortion and dilatation. 
When such conditions prevail resection affords 
the only lasting form of treatment. Such a 
case is illustrated in Figures 1, 2, and 3. 

2. Multiple or multilocular abscesses as a 
rule indicate such extensive irreversible dam- 
age that resort to surgical procedures short 
of resection is an invitation to continued bron- 
chiectatic symptoms (Fig. 4a and b and Fig. 
5a, frontispiece). 

3. Those abscesses which are seen by the 
surgeon for the first time after the secondary 
changes of fibrosis, bronchiectasis, broncho- 
stenosis or atelectasis have developed will not 
be relieved by any treatment other than re- 
section. Surgical drainage is designed to 
evacuate cavities but cannot be expected to 
influence widespread parenchymal degenera- 
tive and reparative processes (Fig. 4c and d). 

4. There are many abscesses so located 
within the lung that even though they are in 
contact with parietal pleura at some point, 
adequate drainage cannot be maintained be- 
cause of overlying structures such as the sca- 
pula. In addition, a number of abscesses 
which present on the mediastinal, interlobar, 
or diaphragmatic pleural surfaces, are more 
suitable for resection than for drainage. In 
some of these cases it may be in order to 
attempt drainage primarily, reserving exci- 
sion for a time when the extent of the under- 
lying pathologic changes may be more clearly 
demonstrated (Fig. 6a and b and Fig. sb, 
frontispiece). 

5. Although this paper is not primarily con- 
cerned with abscesses secondary to a malig- 
nant lesion, it is strictly in order to comment 
that particularly in patients more than 4o 
years of age when such a diagnosis is enter- 
tained the only procedure tenable is explora- 
tion and resection. 
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6. In 19 of the 37 cases in this series hemop- 
tysis of some degree was present from the on- 
set of the disease. In 6 it occurred repeatedly 
in profuse amounts and we believe that this 
symptom alone, regardless of the extent of 
the associated pathologic changes, is an indi- 
cation for resection. There have been many 
reports of fatal hemorrhage following open 
drainage for lung abscess, and it is our feeling 
that forewarned should be forearmed, for 
in such cases in all likelihood the hemorrhagic 
trend will continue (Fig. 6c and d and Fig. 
5c, frontispiece). 

7. There may be some controversy over 
including all lung abscesses in children in the 
list of absolute indications for pulmonary re- 
‘section. Our experience has suggested that 
such a course is reasonable on several grounds. 
First, children tolerate resection extremely 
well. Second, there is some evidence that re- 
generation and compensation. occur in the 
remaining lobes, if we may apply the experi- 
ments of Longacre and Johansmann on ani- 
mals to human beings. Third, it is felt that 
should regions of parenchymal damage remain 
after drainage, they may be the source of con- 
tinued infection and the focus from which 
additional lung damage may arise as the child 
grows older. Fourth, long continued drainage 
is frequently difficult to manage, especially 
in the very young, and as such may be in- 
adequately cared for by parents and physician 
alike (Fig. 7a and b). 

8. Occasionally, experienced bronchosco- 
pists are unable to remove an aspirated for- 
eign body from the depths of the small bron- 
chial radicals. Especially is this true when 
crushed pieces of peanuts or other food parti- 
cles have been insufflated. Abscesses on this 
basis are best resected to insure the removal of 
the foreign body (Fig. 7c and d). In 2 cases 
in this series large foreign bodies in the form 
of a piece of fall grass and a bone were aspi- 
rated, unknown to the patient, and were 
found only on dissection of the specimen 
(Fig. 5d, frontispiece). 


SUMMARY 


In 37 cases primary lung abscess in various 
stages of chronicity was treated by pulmonary 


resection. The elapsed time from the origi- 
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nal diagnosis to surgical excision averaged 
18 months. In the 21 cases in which a conser- 
vative resection (lobectomy or less) could be 
performed, there was 1 death (mortality rate 
4.8 per cent) despite the wasting and general 
debility of the patients when admitted for 
treatment. In the remaining 20 cases the 
results were good and are regarded as asymp- 
tomatic cures. In contrast, of the 16 cases 
in which total pneumonectomy was per- 
formed, in only 7 was a good result obtained, 
and in 3 of these it was delayed considerably 
by complications. There were 6 deaths attrib- 
utable to operation (mortality rate 37.5 per 
cent), and 3 late deaths resulting from brain 
abscess. 

We believe that if the problem of acute lung 
abscess is considered as surgical from the 
outset and the optimal time for intervention 
is recognized and acted on with dispatch, the 
problem of chronic lung abscess will virtually 
be eliminated. Until such a time pulmonary 
resection is the treatment of choice for sup- 
puration of tong standing. It is our opinion 
that bronchographic follow-up of patients 
treated by open drainage will reveal that a 
significant number are left with residual 
parenchymal and _ bronchiectatic changes, 
which in all probability will lead to further 
symptoms at some future date. This is espe- 
cially true when abscesses are drained in the 
chronic state or after secondary changes have 
taken place. For this reason pulmonary re- 








section should take preference over open 
drainage in most cases seen by the surgeon at 
the present time. 
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rg, HE bronchial arteries, which provide appearing in later texts. In Tiedemann’s ex- 
87 the systemic nutrient supply to the cellent Tabularum Arteriarum (1822) bronchi- 
LL, lungs, have been studied in their in- al arteries are portrayed as arising from the 
traparenchymatous course by many concavity of the aortic arch and from the 
345 anatomists and physiologists', but their gross _ proximal portion of the descending aorta, and 
M., topography has been inadequately considered coursing anterior to the trachea to the corres- 
in systematic studies of human angiology. ponding surface of each primary bronchus. 
The relative inaccessibility of these vessels This most unusual pattern has been uncriti- 
makes them difficult to demonstrate in the dis- cally copied into a succession of standard works 
J. sector’s routine anterior approach to the thor- by Cloquet (1825), Smith (1835), Galet (1853), 
41; acic viscera, and only when abnormally affected Quain (1866), Hoffmann (1878), Testut(1911), 
are they observed at the autopsy table. Conse- Rauber-Kopsch (1919) and Morris-Schaeffer 
iia quently, the literature is replete with conven- (1942), despite the fact that it is inconsistent 
. tionalized descriptions, but neither detailed with the accompanying texts. Modern anat- 
nor comprehensive information is available. omy books perpetuate Haller’s account of 
- These vessels were known to Galen from dis- variations in origin of the bronchial arteries, © 
sections on sub-human types, but were not so that the right subclavian, superior inter- 
IJ. specifically named (Miller, 1906). Their iden- costal, inferior thyroid, and internal mammary 
A. tity was denied by Columbus (1559), and re- arteries are regularly included in the discus- 
affirmed by Marchettis in 1656. Thediscovery sions of anomalous sites of origin. Original 
9 of the bronchial arteries as vascular conduits reports of variable origin of these vessels, 
52. separate from, but anastomosing with, the other than undocumented textbook state- 
oy pulmonary system was claimed by Ruysch in ments, have implicated the right subclavian 


1721. His description, however, represents a 
rediscovery, with a more accurate text and 
the first illustrations of the arterial distribu- 
tion. Accurate descriptions of their origin and 
course, and some of the variations in pattern, 
are to be found in Albertus Haller’s [corum 
Anatomicarum (1747); this account represents 
a heritage little modified in subsequent trea- 
tises of anatomy and surgery. The mono- 
graphs of Fickel (1743) and Susloff (1895) are 
relatively unknown to the student, and are not 
readily accessible. The accounts of Boyer 
(1815) and Bichat (1819) closely follow that 
of Haller, and are more adequate than many 


Contribution No. 481 from the Anatomical Laboratory, North- 
western University Medical School. 

1For a discussion of the intrinsic anatomy of the bronchial 
arteries the reader is referred to Miller’s classical monograph on 
The Lung (1932). A brief historical survey of the problem of 
bronchial and pulmonary arterial relationship is provided by 
Berry, Brailsford and Daly (1931). 
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(Haller, 1747; Henle, 1876; Frederic, 1897; 
Menke, 1936), the left subclavian (Meyer, 
1857; Turner, 1862, Hewitt, 1930; Schneider, 
1934), the internal mammary (Zagorsky, 1834; 
Quain, 1844; Frederic), the superior inter- 
costal (Ruysch; Quain; Luschka, 1863; Pou- 
pardin, 1909), and the innominate (Quain; 
Romankevic, 1931)”. Origins of bronchial ar- 

2Several descriptions in the literature are ambiguous. The 
bronchial artery patterns in cases reported by Jacobson (1816) 
and LeGros Clark (1847) may be variably interpreted. Jacobson 
(cited by Christeller) presented a case of congenital heart disease 
with dilatation of the bronchial arteries and of a branch described 
as the superior pericardiac artery; whether the latter vessel 
represents an anomalous bronchial artery, or an abnormally 
dilated anastomosis between the bronchial and pericardiophrenic 
arteries is not clear. LeGros Clark likewise described a case of 
congenital heart disease with dilatation of the bronchial arteries 
and “the branch from the internal mammary artery which accom 
panies the phrenic nerve was nearly equal in size to the parent 
trunk, and expended itself principally in the adjacent adherent 
lung.” This was interpreted as an anomalous bronchial artery 
by Hovelacque, but as in the former case, may merely represent 
a dilated pericardiophrenic artery in anastomotic relationship 
with the bronchial vessels. (Continued on next page.) 
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teries from the distal portion of the thoracic 
aorta have recently been reported by Schall 
(1926) and Natucci (1939), and from the ab- 
dominal aorta by Cioni (1939)*. A critical ex- 
amination of these cases indicates that the 
vessels described represent anomalous pulmo- 
nary, rather than bronchial, arteries. Anoma- 
lous pulmonary arteries constitute surgically 
important structures, and have been specifi- 
cally described by McCotter (1910) who re- 
viewed the literature to 1777, Batts (1939), 
Harris and Lewis (1940), and Arce (1943). 

In 1924, Nakamura examined the thoracic 
aortae of 129 cadavers to determine the sites 
of origin of the bronchial arteries, but the re- 
stricted topographic nature of the study ob- 
viated a consideration of vascular patterns. 
He classified bronchial arteries, on the basis 
of origin, into 3 major types: Type A, arteries 
arising directly from the aorta (23 cases); 
Type B, arteries arising in part directly, in 
part indirectly, from the aorta (103 cases); 
and Type C, arteries arising indirectly from 
the aorta (3 cases). Hovelacque, Monad 
and Evrard (1936) described the course and 
distribution of these vessels, and illustrated 
some variations in pattern, without tabulat- 
ing any portion of their data. 

The comparative anatomy of the bronchial 
arteries is represented by studies on the dog 
(Kuttner, 1878; Miller, 1925; Berry, Brails- 
ford and Daly, 1931) and guinea pig (Willis, 
1919), based principally on injection prepara- 
tions (see footnote 3). 





Fickel (1743) ) described a common bronchial artery to both 
lungs arising from a subclavian, whose side, however, was not 
specifically given. It may be assumed, from the context, to have 
been the left. 

Turner (1862) described a case of right aortic arch, and anoma- 
lous site of origin of the left subclavian and left bronchial arteries 
from a retroesophageal pouch-like trunk arising from the left 
side of the descending part of the arch. In contrast, Zagorsky 
(1834) described a right subclavian from the left side of the aortic 
arch. The anomalous subclavian gave rise to a vertebral artery, 
which in turn provided a common trunk for internal mammary 
and deep cervical arteries. The right bronchial artery arose from 
the aberrant internal mammary vessel. 

3Highly aberrant forms appear in the older literature: a com- 
mon trunk from the abdominal aorta immediately proximal 
to the celiac axis ascends through the esophageal hiatus to bi- 
furcate and supply the lower lobes of both lungs (Maugars, 1802); 
a trunk arising from the celiac axis in common with the right 
phrenic passes through the esophageal hiatus to bifurcate and 
supply the dorsobasal aspect of both lungs (Heyfelder, 1842). 

Brown (1913) illustrated a right accessory pulmonary artery 
from the right inferior phrenic artery in a cat. Winogradew 
(1929) described anomalous origins for these arteries from the 
abdominal aorta in the dog and martin. This is apparently the 
normal vascular pattern in reptiles (Henle, 1876). 





The embryology of these arteries has not 
been subjected to systematic study, and our 
present information is chiefly speculative in 
character*. 

It has been long known that alterations in 
the physiology of the pulmonary arterial cir- 
culation have an effect on the bronchial arte- 
rial system. Virchow (1851) demonstrated 
that long-standing obstruction of a pulmonary 
arterial branch to one lobe led to dilatation of 
the bronchial arteries; and the participation 
of the bronchial arteries in the pathologic pro- 
cesses resulting from pulmonary stenosis and 
atresia has been more recently described by 
Cristeller (1917), East and Barnard, (1937), 
Schopper (1938), and Greenspon and Leaman 
(1939). Christeller reviewed a series of 25 cas- 
es, collected from the clinical literature be- 
tween 1815 and 1905, emphasizing the func- 
tion of the bronchial arteries in collateral cir- 
culation of the lung in the presence of pulmo- 
nary artery obstruction. With the impetus 
provided by Miller’s work on the intrinsic ana- 


4According to Evans (1909) nothing has been ascertained con 
cerning the development of the bronchial arteries, and examina 
tion of the literature after 1900 reveals no specific work on the 
embryology of these vessels. Because of the close relationship 
of bronchial arteries to intercostal arteries, arising in company 
with the latter or from corresponding portions of the thoracic 
aorta, clues to the embryonic origin of the right bronchial vessels 
may be gained by a consideration of intercostal artery develop- 
ment. 

Dorsal sprouts emerge at strictly intersegmental points from 
the primitive duplicated and unbranched descending aortae, and 
course in the planes between primitive segments to vascularize 
the spinal cord and ganglia, and eventually the body wall. Accu- 
rate apposition of the aortae results in their emergence by pairs. 
The definitive intercostal arteries are secondary derivatives of 
the original dorsal segmentals, and so outstrip them in growth that 
in the postnatal body they themselves are identified as the aortic 
branches, the original segmentals seeming to be merely their 
posterior rami. 

Atrophy of the proximal cervical dorsal segmentals leaves the 
seventh segmental as the permanent trunk of origin of verte 
bral and subclavian arteries; the seventh segmental, through its 
supreme intercostal branch, functions as root of origin for the 
eighth cervical and first thoracic arteries. The next permanent 
dorsal segmental behind the subclavian is the second or third 
thoracic; hence, the first intercostal supplies either or both of 
these interspaces. 

The association of bronchial arteries with right intercostals, and 
occasionally with the subclavian and internal mammary arteries, 
would suggest secondary development of the pulmonary splanch 
nic arteries from the lower cervical and upper thoracic dorsal 
segmental (intercostal), and from the ventral aspect of the aorta 
during the course of, and subsequent to, the descent of the lungs 
into the future thoracic cavity. 

The proximity of the aortic arch to the root of the left bronchus 
would permit easy access of visceral branches from that region 
to the left main bronchus (see Table IVA). The right main bron- 
chus is accordingly separated from its aortic source by a greater 
interval and is in closer relation to aortic branches instead, i.e., 
right intercostal arteries (see Table II). The final answer to the 
interesting question of bronchial artery origin must await fur- 
ther embryologic study. 
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Fig. 1. Types of bronchial arterial supply, 150 cadavers; classification based upon origin, number, 
and course of the vessels. Semidiagrammatic; dorsal aspect. 


tomic relationships of pulmonary and bronchi- 
al arterial systems, important studies were 
conducted on the pathologic physiology of the 
bronchial circulation by Mathes, Holman and 
Reichert (1930; 1932) and by Wood and Mil- 
ler (1938). These authors found a consistent 
dilatation of the bronchial arteries in acute 
and chronic inflammatory processes involving 
the pulmonary parenchyma,’ in primary car- 
cinoma of the lung, in congenital cystic dis- 
ease of the lungs, and in pathological and sur- 
gical occlusion of the pulmonary artery to a 
lobe. Following a pulmonary embolus, the 


5In the current series, it was observed that the bronchial arter- 
ies to lungs showing caseous necrosis and cavitation (presumably 
tuberculous) were increased in size in comparison with those 
from specimens free of gross pulmonary disease. There is specific 
dilatation of an artery to a particular lobe when that lobe alone 
is grossly involved. 


bronchial arteries serve the important func- 
tion of filling the circulatory beds distal to the 
embolus, and in the presence of infection pro- 
vide increased nutriment to the involved lung 
by virtue of its dilatation (Mathes ef al., 
1932). The participation of the bronchial ar- 
teries in traumatic affections of the mediasti- 
num (Latimer and Willems, 1928), and in 
syphilitic arteritis (Jacobi, 1931; Pinard, Cor- 
cos and Lemoine, 1937) has also been reported. 
In Jacobi’s case there were multiple saccular 
aneurysms of the left bronchial arteries. 

The bronchial arteries are encountered by 
the thoracic surgeon in the course of lobectomy 
or pneumonectomy, but ordinarily they con- 
stitute no great obstacle to the technique 
(Blades and Kent, 1940; Kent and Blades, 
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TABLE I.—TYPES BY NUMBER (150 CASES) 



































| Number of arteries 
Type | Cases Per cent 
Left Right 
_ ~ &Y aa 2 ~  - 61 40.67 
-—-—_— . «© = #4 32 21.33 
im | 2 | 2 | 3 | 2067 
IV on | I ee = = - me _ as _ 
“. t| « | « | © ¢ =. 
VI | 3 | 3 | as : ~ 2.00 
“VIL > | ee | @ | 067 
vi | 4 a 1 | 067 
IX } I : 4 I | 0.67 _ 
| | 150 |__100 





1942). However, their dilatation subsequent 
to inflammatory processes in the lung, or in 
concurrence with congenital or pathologic ob- 
struction of the pulmonary circulation, may 
make of these vessels hazards to be reckoned 
with in surgical manipulation. Certainly, 
knowledge of their variable origins and distri- 
bution would provide a practical addition to 
the operator’s armamentarium. 


MATERIAL AND METHODS 


The current study is based upon dissections 
of 150 adult male and female cadavers, white 
and negro®. A posterolateral approach to the 
mediastinum is employed. With the body in 
the prone position, muscles of the gth inter- 
costal space are transected and the parietal 
pleura separated as each rib (from gth to 2nd) 
is successively removed by sectioning them 
2.5 centimeters lateral to the costovertebral 
junction and along the midaxillary line. The 
parietal pleura is then incised along the thora- 
cotomy-like opening and removed. This pro- 
cedure provides an adequate exposure of the 
posterior mediastinum. Subsequent dissec- 
tion removes the pleura from mediastinal vis- 
cera, and exposes the bronchial arteries. 

The bronchial arteries are usually first en- 
countered as they course on or near the mem- 
branous portion of the main bronchi. When 
identified they are dissected proximally to 


6One case of complete situs inversus viscerum was encountered 
in the course of study, making a total of 151 cadavers. This 
specimen is discussed separately, however, and is not included 
in the tabulations of data. 


TABLE II.—RIGHT INTERCOSTOBRONCHIAL . 
ARTERIES (133 CASES) 























































































































Cases | 35 cases) | (total cases) 
First aortic intercostal artery: ye ~ 88°00 = Ts : 
1st interspace =e ae ee? 
ist & 2nd interspaces Ya 3.00 a 2.67 
ist, 2nd & 3rd interspaces 3 2.25 _— 00 
"and interspace 30 22.55 ~~ 90.00 
2nd & 3rd interspaces ji 23 7.90 | 45.33 
2nd, 3rd & 4th interspaces = 4 a | 0.75 0.67 
3rd interspace oa ss. 38.35 34.00 
3rd & 4th interspaces ae aa “4 pr if x= ‘ 
~ Second aortic intercostal artery: oe | j 8. 25 9.33 
grdinterspace “: | 07s | 0.67 
oa 3rd & 4th interspaces a = | 0.75 ' 0.67 
4th interspace 8 ‘ "é io | } - 32 
5th interspace aa I : 0.75 9 67 
Third aortic intercostal artery: -—* 7 0.75 0.67 
5th interspace ee Sa is 0.75 ae 67 
First and second aortic eee re - 
intercostals: 3 2.25 2.00 
(1) 2nd & (2) 3rd interspaces_ I °. 7s ~ 6 
(x) and & 3rd, (2) 4th a — 
interspaces I 0.75 °.67 
(1) 2nd & 3rd, (2) 4th & sth : 
interspaces I 0.75 0.67 
First and third aortic ae 
intercostals: I °.75 0.67 
(1) 2nd & (3) 4th interspaces I 0.75 0.67 
133 100.00 88.67 














their origin, and distally into the hilum of the 
lung. 

Representative specimens are chosen for il- 
lustration. For the purpose of clarity visceral 
structures are sometimes totally removed, and 
the trachea and great vessels mobilized to ex- 
pose fully the course of the arteries. Typical 
examples of each variational type are shown 
semidiagrammatically in Figure 1 (I to IX). 


. OBSERVATIONS AND DISCUSSION 


The bronchial arteries take origin, with but 
few exceptions, from the proximal part of the 
thoracic aorta, arising independently, in mul- 
tiples from a common stem, or in company with 
a functionally unrelated vessel. For conveni- 
ence in description, these vessels are tabulated 
quantitatively into types (TableI), into modes 
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TABLE III.—MODE OF ORIGIN OF BRONCHIAL 
ARTERIES (150 CASES) 
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TABLE IVA.—VERTEBRAL LEVEL OF ORIGIN 
BY CASES (150) 

























































































Cases | Percent | Left | Right* 
A. Separate origin from the aorta (and Origin | al 
ranches) * 11r 74.0 Cases Percent | Cases Per cent 
B. Common trunks from aorta (and branches) 39 26.0 A. Arch of aorta: | 20 13.3 | 6b 4.0 
r. One left and one right artery 34 22.6 T3 | I °.7 ° 0.0 
a. Inferior left and inferior right Ir 7.3 T4 | 13¢ 8.7 5 3.3 
b. Superior left and inferior right 9 6.0 Ts: | 54 3 (I 14 °.7 
c. Single left and inferior right 5 3.3 T6 * I 7 | ° °.° 
———E EE qupeteeeeen qumaamanenp iam muagtieempmenees = 
’ d. Single left and single right 4 2.7 B. Subclavian: | 2 £3 2 | 3 
e. Superior left and superior right 2b 1.3 Left is cs re 0.7 
f. Superior left and single right I °.7 Right ° 0.0 I °.7 
g. Inferior left and single right I °.7 C. Descending aorta: 150 100.0 57 38.0 
h. Single left and one (2nd of T4 4 2.7 3 2.0 
4) right I 0.7 — ——|-———______]| —____ —_—~| —— 
—— ———_ | —__—_-|__——— T4&5 8 5.3 2 a3 
2. Two left and one right 3 2.0 mie et See ae schoateti 
—— | | T4&6 3 2.0 ° 0.0 
a. Two left and single right 2 1.3 —__—— — ~ 
— SS — —_— Ts 26 17-3 18 12.0 
b. Two left and inferior right I °.7 ee | a ei 
monet semeorecenveresoontrrtctomesteneetene : — Ts & 6 55 360.7 4 $9 
3. Two common trunks 2 2.3 —— ae - 
—_ erence ee — Ts,6&7 5 3.3 ° °° 
a 150 100 eaieneieioial scence i 
*Intercostobronchial trunks considered as separate vessels Ts & 7 = : _ PRs. -_ es a _— 
»One of these arises from the left subclavian. T6 - 16.97 26 7 
25 os 7-3 
of origin (Tables II and IIT) and their approxi- T6 & 7 18 12.0 ° 9.0 | 
mate level of emergence from the parent 16,7 &8 3 2.0 ° 0.0 
trunk is recorded in topographic relationship T7 wae 13 4 2.7 


to the thoracic vertebrae (Tables IVA and 
IVB). 

Origins. The more commonly encountered 
pattern, Type I in Figure 1 (40.67 per cent; 
Table I), is that described as “normal” in 
standard textbooks. In these specimens two 
left and one right bronchial arteries are pres- 
ent. In every case there is at least one bronchi- 
al artery to each lung, and this simplest vas- 
cular scheme occurs next in order of frequency 
as Type II (21.33 per cent). The third major 
group, Type III, is characterized by bilateral 
duplication of the arteries (20.67 per cent of 
cases). These three types comprise 82.67 per 
cent of the arterial patterns in all cadavers 
studied. 

In 14 cases (Type IV; 9.33 per cent) the 
pattern is the reverse of Type I, with one ar- 
tery to the left and two to the right lung. The 
arteries to the left lung are increased to 3, 
with a single vessel persisting on the right 
side, in 6 cases (Type V; 4.0 per cent). A max- 
imum number of 5 arteries is encountered in 6 
cases (4.0 per cent). Of these, 3 specimens pos- 














*Exclusive of intercostobronchial trunks (see footnote 8). 
>Includes 4 common stems. 
¢Includes 3 common stems. 
4Includes 1 common stem. 


eIncludes 1 common stem 


TABLE IVB.—VERTEBRAL LEVEL OF AORTIC 
ORIGIN BY ARTERY* 



































Left | Right 

Level of origin acute 
Number | Percent | Number | Per cent 

T3 a 0.4 ° ainsi 
T4 24° 9.2 7° “10.9 
Ts 864 33.1 224 : Ha 
T6 122° 40.9 gre i 48 4 ; 
T7 26° 10.0 i 4° i; ai é3 
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260 100 64 100 

















*Exclusive of intercostobronchial trunks. 

>From the anterosuperior aspect of the aortic arch. : 

eFive common trunks: 3 providing one vessel to each side; 2 di- 
viding into 2 left and 1 ri it vessel. 

4Twelve common Abn og 1 of which divided into 2 left and 1 
right artery. 

eTwo common trunks. 


sess 3 left and 2 right arteries (Type VI; 2 per 
cent), and a single case demonstrates the re- 
versed scheme (Type VII; 0.67 per cent). The 
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remaining 2 examples have four arteries to one 
lung and a solitary vessel to the opposite or- 
gan. The quadruple pattern is found on the 
left in Type VIII (0.67 per cent), on the right 
in Type IX (0.67 per cent). 

On the basis of sides, two thirds of all right 
lungs are supplied by a single bronchial artery 
(100; 67.7 per cent), whereas about one third 
of left lungs are so supplied (47; 31.8 per cent). 
On the other hand, 62 per cent of all left lungs 
are provided with two bronchial arteries, while 
half that number (32 per cent) of right lungs 
have duplicated vessels. Three arteries to the 
left lung are observed in 9 bodies (6 per cent), 
and to the right lung in but 1 instance (0.67 
per cent). Four arteries supply a right and a 
left lung in separate cases (Table I). 

Classification of bronchial arteries into types 
on the basis of pattern frequency may be sup- 
plemented by a consideration of the manner 
of origin of the vessels represented: 


Type I. Two left, one right (61 cases; 40.67 per 
cent). 
A. Each arises separately (58; 38.7 per cent). 
B. Superior left and single right from common 
stem (1; 0.6 per cent). 
C. Inferior left and single right from common 
stem (1; 0.6 per cent). 
D. All three from common stem (1; 0.6 per 
cent). 
Type II. One left, one right (32 cases; 21.33 per 
cent). 
A. Each arises separately (28; 18.7 per cent). 
B. Both from common stem (4; 2.7 per cent). 
Type III. Two left, two right (31 cases; 20.67 per 
cent). 
A. Each arises separately (9; 6 per cent). 
B. Inferior left and inferior right from common 
stem (9; 6 per cent). 
C. Superior left and inferior right from common 
stem (8; 5.3 per cent). 
D. Two common stems (2; 1.2 per cent). 
I. Superior left and superior right from common 
stem (2; 1.2 per cent). 
F. Two left and inferior right from common stem 
(1; 0.6 per cent). 
Type IV. One left, two right (14 cases; 9.33 per 
cent). 
A. Each arises separately (9; 6 per cent). 
B. Single left and inferior right from common 
stem (5; 3.33 per cent). 
Type V. Three left, one right (6 cases; 4 per cent). 
A. Each arises separately (3; 2 per cent). 
B. Superior and middle left, single right from 
common stem (2; 1.3 per cent). 
C. Inferior left and single right from common 
stem (1; 0.67 per cent). 





Type VI. Three left, two right (3 cases; 2 per cent). 
A. Each arises separately (1; 0.67 per cent). 
B. Superior left and inferior right from common 
stem (1; 0.67 per cent). 
C. Inferior left and right from common stem (1; 
0.67 per cent). 
Type VII. Twoleft, three right (1 case; 0.67 per cent). 
Two common stems: superior left and middle 
right, inferior left and right. 
Type VIII. Four left, one right (1 case; 0.67 per 
cent). 
Each arises separately. 
Type IX. One left, four right (1 case; 0.67 per cent). 
Superior right from right subclavian; single 
left and second right from common stem; 
third and fourth right arise separately. 


The bronchial arteries to the right lung dif- 
fer markedly from those to the left in respect 
to sites of origin from the aorta. Those to the 
right side arise from the corresponding lateral 
or dorsolateral aspect of the aorta, in the for- 
mer position when separate, and in the latter 
position separately or in combination with an 
intercostal. When this last-named arrange- 
ment occurs, the point of origin is in longitu- 
dinal alignment with the remaining intercos- 
tal arteries (Fig. 1). In cases with single right 
arteries this pattern obtains consistently. It 
does not occur regularly in cases with multiple 
right vessels; in such specimens the superior 
bronchial artery is likely to arise in common 
with an intercostal, while the inferior bronchi- 
al originates from the anterior surface of the 
aorta. In no case does a right bronchial ar- 
tery arise from the left side of the aorta. 

A right bronchial artery frequently arises 
in common with an intercostal artery. The 
term “‘intercostobronchial”’ is hereinafter ap- 
plied to these vessels, in order to obviate arti- 
ficial and confusing distinction between parent 
stem and branch; in the majority of cases lit- 
tle difference in size is observed between the 
components of the bifurcated vessel. Where- 
as embryologically the intercostal artery holds 
primary position (see footnote 4), the right 
bronchial artery is frequently of greater size 
than the related segmental vessel (Fig. 4). 
The fact that the right bronchial artery fre- 
quently arises in common with an intercostal 
has been long known; Ruysch and Haller de- 
scribed this relationship. However, confusion 
has resulted from failure to indicate accurate- 
ly the intercostal vessels associated with this 
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Fig. 2. Bronchial arteries and related structures (Speci- 
men A). Deep thoracic structures viewed from an anterior 
and slightly lateral position. The thorax has been opened 
by cutting away the body and ziphoid process of the stern- 
um and the ribs from the first through the seventh. Within 
the thoracic cavity the following structures have been re- 
moved: pleura; heart and pericardium; inferior vena cava 
and azygos vein; both lungs except in their hilar portions. 
The phrenic nerves are retracted; the ligamentum arteri- 
osum is indicated by a cross. In this way the following ves- 
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sels, viscera and nerves (pertinent to the current study ) 
have been exposed: trachea and bronchi; vagus nerves; 
esophagus; thoracic aorta and bronchial arteries. The bron- 
chial arteries (Type II) arise by a common stem, one divi- 
sion passing to each bronchus. The right bronchial vessel 
crosses anterior to the esophagus, to ramify on the anterior 
and inferior surfaces of the corresponding bronchus. The 
vessel of the left side courses almost directly forw ard; at- 
taining the inferior margin of the left bronchus, rami then 
pass to the anterior surface. 
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Figs. 3a to 3c. Bronchial arteries and related structures (Specimen B). Figure 3a, an oblique 
view from the front and right; Figure 3b, obliquely viewed from the opposite side; Figure 3c, 
diagram of the bronchial and intercostobronchial sources (Type III) from the front. In Figures 
3aand 3b the aorta has been removed except in the tracheobronchial area. In Figure 3a the 
arch of the azygos vein has been transected and the vein turned laterally; right bronchus has 
been pulled forward, as has also the esophagus, to demonstrate the vessels sent from the in- 
tercostobronchial artery to the right bronchus and the vessel of aortic origin which bifurcates 
to supply both bronchi. In Figure 3b the aorta has been retracted to show, in addition to the 
arteries just described, a left bronchial vessel. On each side rami from the chief sources do not 
merely course distalward with a bronchus, but also turn proximalward to supply the trachea. 
Some branches are given off to the esophagus (Fig. 3b). 













pattern. Many authors of textbooks classify 
the segmental arteries on the basis of the in- 
tercostal spaces supplied (posterior intercostal 
arteries); others identify them more satisfac- 
torily on the basis of their relative position as 
aortic derivatives (aortic intercostal arteries). 
To provide needed information of accurate na- 
ture, and incidentally to indicate the discrep- 
ancies which can arise from the designation of 
posterior intercostal arteries as reference sites, 
data have been tabulated on the right inter- 
costobronchials (Table IT). 

One or more right intercostobronchial ar- 
teries are found in 133 cadavers (88.7 per cent; 


Table II). A right bronchial artery is associ- 
ated with a single intercostal in 129 cases (86 
per cent). In 4 cases (2.7 per cent) each of 2 
right bronchial arteries arises in common with 
an intercostal: in 3 in common with the first 
and second aortic intercostals; and in 1 with 
the first and third. In 17 cases (11.3 per cent) 
the right bronchial arteries are in no way 
associated with intercostals; they arise from 
the aorta or subclavian’, either separately or 


™eckel (1832) describes branches from the subclavian or cor 
responding internal mammary arteries as “superior bronchial 
arteries.” Other authors generally refer to these as “‘accessory 
bronchial” or “anterior bronchial” arteries in contrast to “pos 
terior” or “inferior” vessels; the latter terms referring to the 
usual arteries of aortic or intercostal origins. 
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Figs. 4 and 5. Bronchial arteries in relation to adjacent mediastinal structures (Specimen C 
and D, respectively). Anterolateral views (Fig. 4 from the right, Fig. 5 from the left). 

In Figure 4, left, the upper lobe of right lung has been drawn aside to expose an unusually 
large intercostobronchial artery beneath the arch of the azygos vein (here transected), maintain- 
ing its diameter as the right bronchial and continuing as an attenuated first aortic intercostal. 

In Figure 5, all pulmonary tissue has been removed to show the two left bronchial arteries 
of direct aortic origin and an unusual left superior bronchial arising from the subclavian (Type 
V). In addition to its supply to the left superior lobar bronchus, the left superior bronchial 
artery sends a descending ramus along the corresponding surface of the esophagus, thus aug- 
menting the supply of direct aortic and intercostal derivation. 


in company with other right or left bronchial 
vessels. 

Of an overall total of 205 right bronchial ar- 
teries (to 150 right lungs), 137 (66.8 per cent) 
in 133 cases are components of intercosto- 
bronchial trunks. The remaining 68 vessels 
(33.2 per cent), occurring in 60 cases, are un- 
related to the intercostal vessels. 

The right bronchial and first aortic intercos- 
tal arteries are derived from a common stem in 
117 cases. This represents 78 per cent of total 
cases (150) or 88 per cent of those (133) dem- 
onstrating intercostobronchial relationship. 
The first aortic intercostal artery in these 117 
cases supplies intercostal spaces from first to 
fourth, as solitary or combined trunks. In 82 
(of 117) cadavers a single intercostal space is 
vascularized, the third being the space most 
commonly supplied in this manner (Table IT). 
In 31 (of 117) cases, an intercostal artery bi- 
furcates distal to its emergence from an inter- 
costobronchial stem to supply two adjacent 
interspaces, the second and third spaces being 


those most frequently cared for in this manner. 
In only 4 cases (of 117) are 3 adjacent inter- 
spaces supplied by a single derivative of an 
intercostobronchial artery. 

The second aortic intercostal artery is as- 
sociated with a right bronchial in 11 cases 
(7.33 per cent of 150; 8.25 per cent of 133). 
The second aortic intercostal in 133 cases sup- 
plies intercostal spaces from 3 to 5; and the 
fourth space is more frequently supplied by 
this segmental artery. Only 1 of the 11 com- 
bined intercostal vessels supplies more than 1 
interspace. 

A third aortic intercostal artery is in bron- 
chial combination in 2 instances (1.33 per cent 
of 150; 1.5 per cent of 133). In 1 case a single 
right bronchial is involved; in the second, an 
inferior right bronchial arises with the third 
aortic intercostal, while the corresponding su- 
perior bronchial duplicates the relationship 
with the first aortic intercostal. Ruysch, in 
his Responsio (1721), illustrated a common 
bronchial trunk arising from the right third 
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Fig. 6. Bronchial arteries and veins, with related posterior mediastinal structures (Specimen 
E). Viewed from a posterior and slightly inferolateral position. Thoracic vertebrae from the 
2nd through the 7th have been removed, together with the corresponding ribs. On the right side 
two bronchial arteries are present, while on the left there are three (Type VI). The right superior 
bronchial is derived from an intercostobronchial (1st aortic intercostal] to the second interspace) 
and passes to the anterior surface of the main bronchus; the right inferior is likewise associated 
with an intercostobronchial (3rd aortic intercostal to the fourth interspace), but courses across the 
dorsal aspect of the main bronchus to reach the cranial aspects of superior and inferior lobar 
bronchi. Those of the left side are derived directly and separately from the aorta; the left supe- 
rior bronchial artery arises from the right lateral aspect immediately craniad to the correspond- 
ing 3rd aortic intercostal artery, the middle, from the anterior aspect, and the inferior, from the 
left anterolateral surface. The relationship uf bronchial arteries to vagal and pulmonary nerve 
plexuses is seen. The area of origin of the five vessels extends (as indicated by heavy lines) 
from the superior margin of the 4th thoracic vertebra to the superior margin of the sth. 













aortic intercostal which bifurcated to supply 
both lungs. Nakamura, in 129 specimens, de- 
scribed no case of third aortic intercostal ori- 
gin for a bronchial artery. 

In 4 cases (2.67 per cent of 150; 3 per cent 
of 133), two intercostobronchial arteries occur: 
the first and second aortic intercostal in 3 in- 
stances (Fig. 6), the first and third (see herein- 
before) in 1 specimen (Table II). 

The left bronchial arteries usually take ori- 
gin from the anterior surface of the thoracic 
aorta, or from the concavity of the aortic arch. 
They may also arise from the right side of the 
aorta, usually in common with a right bron- 





chial artery, but rarely from the left side (see 
Figs. 6 and 7, showing unusual origin from the 
left surface of aorta, as well as commoner 
origins from the anterior and right aspects). 

Unlike the right bronchial arteries, those to 
the left lung seldom arise in common with an 
intercostal. When this association is found, a 
right, rather than a left, intercostal artery is 
involved. An exceedingly rare case of situs in- 
versus viscerum is exceptional (hereinafter). 

In 6 cadavers (4 per cent), one or more left 
bronchial arteries arise in common with a 
right intercostal artery. These exhibit the fol- 
lowing features: (1) a common trunk for a su- 
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Fig. 7. Bronchial arteries (Specimen E, continued) seen in deeper dissection. 
The lungs have been removed; the distal segment of the thoracic aorta has been 
excised and its proximal] stump retracted. In this way the bronchial arteries can be 
followed from their sources into the hilar portions of the bronchi. The intercostal 
arteries to the second interspaces are the 1st aortic intercostal, to the fourth 
interspaces, the 3rd aortic intercostals, each bearing a right bronchial artery. 





perior left bronchial, middle right bronchial, 
and second aortic intercostal; (2) a common 
trunk for a single left bronchial, single right 
bronchial, and first aortic intercostal; (3) a 
common trunk for superior and middle left 
bronchials, a single right bronchial, a second 
aortic intercostal, and a second common trunk 
providing for the left inferior bronchial and 
third aortic intercostal; (4) left superior bron- 
chial and first aortic intercostal; (5) a single 
left bronchial and first aortic intercostal; and 
(6) a single left bronchial and third aortic in- 
tercostal. Of an overall total of 267 bronchial 
arteries to 150 left lungs, 8 (3 per cent of 
267) arteries in these 6 cases arise with right 
aortic intercostals: 3 each with the first and 
second, 2 with the third intercostal. Four of 
the 8 are unassociated with a right bronchial 
artery arising from the same stem. 

In three-fourths of the cadavers (111; 74 per 
cent), all bronchial arteries arise independent- 
ly of each other from the aorta or subclavian 
(Table ITI).§ In the remaining cases (39; 26 
per cent), 2 or more bronchial arteries arise 


8Bronchial arteries derived from intercostobronchial trunks are 
here considered as arising independently; since the distinction is 
made only between separateness of right and left vessels. In 
Tables IVA and IVB, on vertebral levels of origin of bronchial ar- 
teries (by cases), the intercostobronchial arteries are omitted. 


from common stems in the following general 
patterns: (1) one right and one left bron- 
chial artery in 34 cases (22.6 per cent); 
(2) two left and one right in 3 cases (2 per 
cent); and two common trunks, from each of 
which arise a right and left artery, in 2 cases 
(1.3 per cent). In specimens with a common 
trunk for one right and one left artery, the in- 
ferior vessels more frequently occur together 
(1m cases; 7.3 per cent); and somewhat less 
frequent is the association of a superior left 
and inferior right vessel (9 cases; 6 per cent). 
It is a point of interest that the right bronchial 
artery usually participates in the formation of 
a common stem with a left when the former 
vessels are multiple. Right-sided multiplicity 
of arteries occurs in 50 cases (33.3 per cent); 
the right artery participates in a common 
trunk with the left in 39 cases (26 per cent), 
but in only 8 (5.33 per cent) of these is the as- 
sociated right artery solitary to the right lung. 
In 3 cases (2 per cent) a common stem gives 
rise to three bronchial arteries: two left and a 
single right, in 2 instances, two left and an in- 
ferior right in the third case. In the 50 cases 
of multiplicity of right bronchial arteries, 42 
(27.3 per cent) demonstrate both intercosto- 
bronchial and aortic sites of origin. 
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In 22 cadavers (14.7 per cent) one or more 
bronchial arteries arises from the arch of the 
aorta. In a single instance a left bronchial ar- 
tery emerges from the anterosuperior surface 
of the arch immediately caudal to the roots of 
the innominate and left common carotid ar- 
teries, and courses anterior to the trachea to 
reach its corresponding bronchus. In the 21 
remaining cases, the artery arises from some 
portion of the concavity of the arch cranial to 
the level of the first aortic intercostal vessels. 
In 15 (10 per cent) of these, a single vessel 
passes to the left bronchus; in 4 (2.7 per cent) 
a common stem provides arteries to right and 
left bronchi; and in 2 specimens (1.3 per cent) 
a single right bronchial artery occurs. In only 
1 case is the entire bronchial arterial supply 
derived solely from the aortic arch (cranial to 
the highest aortic intercostal): one of the 4 
specimens with a common stem for both lungs 
arising from the concavity of the arch contri- 
butes one right and two left bronchial arteries 
to corresponding bronchi. In the specimen de- 
scribed by Boyden (1945) a single common ar- 
tery, arising from the inferior surface of the 
aortic arch, bifurcated to supply both lungs. 

In 3 instances (2 per cent) anomalous bron- 
chial arteries are found to arise from a sub- 
clavian trunk. In 1 of these the aberrant ves- 
sel takes origin from the right subclavian and 
passes to the right superior lobar bronchus 
(Fig. 1, Type CX); in a second, it is represent- 
ed by a common stem which, derived from the 
base of the left subclavian anteromedial to the 
internal mammary, provides branches to right 
and left superior lobar bronchi; in the third 
case, a single artery arises from the left sub- 
clavian and passes to the corresponding supe- 
rior lobar bronchus (Fig. 5). In each instance 
the arteries of subclavian origin are supple- 
mentary to one or more bronchial arteries of 
aortic origin. In Haller’s classical case, a com- 
mon stem arose from the right subclavian and 
bifurcated to supply both lungs. In Quain’s 
(1844) equally renowned specimen, two com- 
mon trunks arose from anomalous sites, from 
the internal mammary on the right side, to 
provide branches to the anterior aspect of each 
bronchus, and from the superior intercostal on 
the left, thereafter coursing dorsal to the sub- 
clavian artery to supply branches to the pos- 


terior aspect of both bronchi. In the current 
series no specimen occurs in which major bron- 
chial arteries are derived from the costocer- 
vical trunk, inferior thyroid or the internal 
mammary arteries, although small anasto- 
motic twigs between these vessels are fre- 
quently seen (see hereinafter). 

Relation of origins to vertebral levels. A\l- 
though the aortit origins of bronchial arteries 
range from the third to the eighth thoracic ver- 
tebral levels, nearly half of the arteries (right, 
48.4 per cent; left, 46.9 per cent) are related 
to the sixth segment, and one-third (right, 
34.4 per cent; left, 33 per cent) to the fifth seg- 
ment (see Tables IVA and IVB, wherein the 
vertebral levels are tabulated by cases and by 
arteries, respectively)®. The remainder arise 
above and below the vertebral area just de- 
scribed, with the greater degree of variation 
depending upon the total number of bronchi- 
al arteries in any particular specimen. The 
key vertebral levels in relation to the ex- 
posed mediastinal viscera are shown in Fig- 
ure 6. 

Considering all bronchial arteries of aortic 
origin as related to vertebral bodies, the fol- 
lowing may be presented: origin opposite a 
single vertebral level in 57 cases (38 per cent); 
opposite two adjacent levels in 85 cases (56.67 
per cent); opposite three adjacent levels in 
only 8 specimens (5.3 per cent). In 55 cases 
(36.7 per cent) the left bronchial arteries arise 
opposite Ts and T6 as a unit, in 26 cases (17.3 
per cent) opposite Ts alone, and in 25 cases 
(16.7 per cent) opposite T6 alone. Thus, in 
106 of 150 bodies (70.1 per cent) all left bron- 
chial arteries of aortic origin emerge from a 
segment limited by the cranial margin of Ts5 
and the caudal margin of T6. 


*Whereas the width of the thoracic vertebral bodies gradually 
increases from above downward, there is relatively little difference 
in width of bodies between T3 and T8. Variation will occur of 
course in relation to total body length and in the degree of axial 
deformity. In determining thoracic levels in relation to sites of 
origin of bronchial arteries, the intervertebral discs were not 
considered, but included with adjacent vertebral bodies for pur 
pose of record. 

To aid the reader in the orientation of bronchial artery points 
of origin in reference to vertebral levels, the following visceral 
structures are commonly encountered opposite these topographi- 
cal segments (Morris-Schaeffer, 1942): T3—highest part of aortic 
arch, about 2.5 cm. caudad of jugular notch; T4—bifurcation of 
trachea; second part of-aortic arch; beginning of thoracic aorta; 
Ts—base of heart (cranialmost portion); T6—commencement of 
aorta and pulmonary artery; end of superior vena cava; third 
right chondrosternal junction ventrally. 
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The topographical relations on the right 
side are somewhat different, because of the 
association of the bronchial with intercostal 
arteries. In 57 cases (38 per cent) in which 
the bronchial arteries are not associated with 
intercostals, the right bronchials arise oppo- 
site single vertebral levels: T6, in 26 cases 
(17.3 per cent); Ts, in 18 cases (12 per 
cent); T'7 in 4 cases (2.7 per cent); and T4 in 3 
cases (2 per cent). Right bronchial arteries 
unassociated with intercostals arise from the 
aorta at a slightly lower level than those on 
the left side. This circumstance is owing, in 
part, to the occurrence of the intercostobron- 
chial trunk on the right, which generally arises 
at the same level as the left superior bronchial 
artery. 

On the basis of vertebral level of origin con- 
sidered by arteries, 260 left bronchial vessels 
(of an overall total of 267) arise from the des- 
cending aorta or from the aortic arch (Table 
IVB). Almost half of the left arteries emerge 
from the aorta opposite the sixth thoracic ver- 
tebral level. The range of origins extends be- 
tween extremes of T3 and T8, with the majori- 
ty of left bronchial arteries (80 per cent) aris- 
ing opposite the combined levels of Ts and T6. 

In 57 cases with right bronchial arteries 
arising from the aorta independent of inter- 
costal arteries, there is a total of 64 vessels; 
the remaining 141 arteries (in 93 cases) take 
origin in common with intercostals or are de- 
rived from the subclavian (2 cases; 2 vessels). 
As with the left side, approximately half (31 
of 64 arteries; 48.4 per cent) of the independ- 
ent right bronchial arteries arise from the aor- 
ta opposite T6, and 82.8 per cent opposite the 
combined levels of Ts5 and T6. The range, 
however, is more restricted than on the left 
side, extending between T4 and T7. Thus, 8 
out of ro right and left independent aortic 
bronchial arteries originate opposite the bodies 
of the fifth and sixth thoracic vertebrae. 

Course. The right bronchial artery is more 
constant than the left in origin, course, and 
distribution. A single right artery arises 
from the corresponding lateral aspect of the 
aorta, or from its dorsolateral surface when in 
combination with an intercostal. In the latter 
type (88.67 per cent) the artery courses crani- 
alward to insinuate itself between the azygos 
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vein and the vertebral bodies. At or near this 
site the intercostobronchial bifurcates to pro- 
vide an aortic intercostal (Table II) to the 
appropriate intercostal space and a definitive 
bronchial artery, which leaves the parent stem 
at a variable angle to course obliquely caudal- 
ward and anteriorly, beneath the arch of the 
azygos vein, on the way to the right bronchus 
(Fig. 4). The right bronchial artery is more 
frequently associated with the highest aortic 
intercostal; when it is not, it arises at too low 
a level to pass beneath the azygos arch. Ina 
specimen with two right bronchial arteries, 
each of which arises in common with an inter- 
costal, the right superior artery passes beneath 
the arch, the inferior one does not (Fig. 3). 
Since the artery lies in close relationship to the 
trachea and esophagus, it provides numerous 
twigs of supply to each (see hereinafter). 

When a right bronchial artery arises from 
the aorta unassociated with an intercostal, its 
course to the bronchus is usually more direct. 
From its origin on the anterolateral, lateral, 
or posterolateral aspect of the aorta, the artery 
passes anteriorly and cranialward, or anteri- 
orly and lateralward, to the right of the esoph- 
agus to reach the bronchus. Its relationship 
to the bronchus is similar to that of the branch 
derived from an intercostobronchial trunk, 
although it is generally found in a more caudal 
position on the posterior surface of the bron- 
chus. 

An inferior right bronchial artery, when 
present (33.3 per cent of cases), arises either 
from the corresponding lateral or anterior sur- 
face of the thoracic aorta. It may course to 
the right of and dorsal to, or to the left of and 
anterior to, the esophagus on its way to the 
right inferior lower bronchus’ (hyparterial 
bronchus of Aeby). Vessels of anterior origin 
may course superiorly to loop about the crani- 
al aspect of the left main bronchus, and then 
pass inferiorly, inclining toward the right, on 


10The nomenclature of Jackson and Huber (1943) is employed: 
(a) superior lobar bronchus (right upper lobar bronchus and left 
upper lobar bronchus [bronchus impar] of Ewart; eparterial 
bronchus of Aeby); (b) middle lobar bronchus (right middle or 
cardiac bronchus of Ewart; first hyparterial ventral bronchus ot 
Aeby); (c) inferior lobar bronchus (right and left lower lobar 
bronchi of Ewart; hyparterial bronchus of Aeby). 

Subsequent reference to the distribution of the middle or in- 
ferior bronchial arteries to the inferior lobar bronchus refers, on 
the right side, to the common stem for definitive middle and in 
ferior lobe bronchi derived from the bifurcation of the main 
bronchus; this is the bronchus intermedius of Ewart. 
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the anterior surface of the tracheal bifurca- 
tion; branches are supplied to adjacent lymph 
nodes en route, and the artery continues along 
the caudal border of the right main bronchus. 

In 11.33 per cent of the bodies (17 of 150), 
one or more right bronchial arteries wind to 
the left and pass anterior to the esophagus in 
transit to the right main bronchus; in 13 of 
the cases the right bronchial is derived from 
a common stem with a left bronchial artery, 
and in 4 cases the right bronchial artery arises 
independently from the aorta. In 8.4-per cent 
of bodies (13 of 150), a right bronchial artery 
passes anterior to the trachea or tracheal bi- 
furcation to reach the right main bronchus; in 
8 of the cases the right bronchial arises in com- 
mon with a left bronchial artery, and in 5 cases 
it has an independent aortic origin. One right 
bronchial artery, from a common stem, passes 
through the tracheal crotch to the anterior 
surface of the right bronchus, resembling in 
its course the bronchial artery of left subcla- 
vian origin described by Schneider (1934). An- 
other right bronchial artery, of independent 
aortic origin, passes anterior to the left main 
bronchus and bifurcation, then turns posteri- 
orly through the crotch to reach the dorsal 
aspect of the right main bronchus. 

In 39 cases (26 per cent) in which one or 
more left bronchial arteries arise in common 
with a right bronchial, 21 (14 per cent) possess 
a common stem which courses to the left dor- 
sal to the esophagus, and bifurcates at its 
lateral margin (Fig. 2). The left bronchial 
artery then continues directly to the left main 
bronchus, while the right artery passes an- 
terior to the espohagus, or ascends to loop over 
the left bronchus and courses on the anterior 
aspect of the tracheal bifurcation, in the man- 
ner previously described. 

In the case having four right bronchial ar- 
teries (Fig. 1, Type [X), a strikingly anoma- 
lous vessel arises from the right subclavian 
immediately proximal to the origin of the cor- 
responding internal mammary artery. It de- 
scends to the right of the trachea and dorsal 
to the superior vena cava; after crossing an- 
terior to the azygos vein, it enters the pul- 
monary hilum along the cranial border of the 
superior lobar bronchus (eparterial bronchus 
of Aeby). 
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_The bronchial arteries to the left lung fol-. 
low a more direct and simpler course. Since 
most of them arise from the anterior surface 
of the aorta immediately behind the left main 
bronchus, they must pass anteriorly to meet 
the bronchus. In one-third of cases (34.7 per 
cent), one or more left bronchial arteries arise 
from the right anterolateral or lateral aspect 
of the aorta, and pass dorsal to the esophagus 
to reach the left bronchus. In the single in- 
stance in which the left bronchial artery cours- 
es anterior to the esophagus, it is a derivative 
of a common stem with a right bronchial 
artery. In another case a left bronchial ar- 
tery emerges from the right dorsolateral aspect 
of the aorta at the level of the second right 
aortic intercostal, and winds ventral to the 
aorta to reach the left bronchus. A left bron- 
chial artery passes anterior to the trachea, 
proximal to the bifurcation, in 3 cases (2 per 
cent); and its anterior course is restricted to 
that aspect of the left bronchus alone in 8 
specimens (5.33 per cent). In 2 instances of 
the latter pattern, both superior and inferior 
left bronchial arteries have a similar course, 
providing a total of 10 arteries so located 
(2.67 per cent of total left arteries). 

Major anastomotic vessels are found con- 
necting adjacent left bronchial arteries in 4 
cases (2.67 per cent): (1) between superior 
and inferior bronchials; (2) between superior 
and middle; (3) between middle and inferior; 
and (4) between the superior and second of 
4 arteries. These anastomoses extend either 
obliquely or vertically across the posterior 
aspect of the main bronchus. In 3 cases (2 per 
cent) a major anastomosis extends trans- 
versely to connect a right and left bronchial ar- 
tery; and in 1 of these the anastomotic chan- 
nel courses anterior to the esophagus. Major 
anastomoses between inferior bronchial and 
primary aortic esophageal arteries are found 
in 47 cases (31.3 per cent), but smaller gross 
anastomoses between these two classes of ves- 
sels occur in every case studied. 

In 8 cases (5.33 per cent) arteries to the in- 
ferior lobar bronchi arise craniad to the origins 
of superior lobar supply: in 5 of these the ar- 
tery courses to the right lung; in 1, to the 
left; and in 2, a common stem bifurcates to 
supply both lungs. 
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The definitive bronchial artery seldom oc- 
cupies the midportion of the dorsal membrane 
of the main bronchus, although commonly it 
is said to do so. The superior bronchial ar- 
teries pass cranialward to reach the main bron- 
chi, on the right side at the site of bifurcation, 
on the left side, approximately 1 centimeter 
distal to the bifurcation, corresponding to the 
width of the esophagus. It then tends to fol- 
low the posterosuperior margin of the carti- 
laginous bronchus, at the site of attachment to 
the dorsal membrane, to the superior lobar 
bronchus. Less frequently the entire course is 
along the anterior surface of the bronchus. 
Prominent twigs are often sent to the anterior 
aspect of the bronchus, even when the main 
vessel is more dorsally placed. 

The inferior bronchial arteries tend to pur- 
sue a transverse course across the pericardium 
in the interval caudal to the tracheal bifurca- 
tion to reach the posterosuperior or postero- 
inferior aspect of the inferior lobar bronchus. 
In their course they provide descending anas- 
tomotic rami to the esophagus and posterior 
mediastinal fascia. In many cases, the artery 
follows the most dependent surface of the 
bronchus. Arterial rami to the anterior aspect 
of the inferior lobar bronchus are seen less 
frequently than are those of superior bronchial 
origin to the corresponding bronchus. 

Terminally, in the region of the hilum, the 
single right bronchial artery bifurcates to sup- 
ply superior and inferior lobar bronchi and 
their secondary subdivisions by multiple 
branches. In the presence of multiple arteries, 
the superior bronchial follows the cranial 
border of the superior lobar bronchus, while 
the inferior bronchial courses along the caudal, 
or posteroinferior, border of the inferior lobar 
bronchus; a middle bronchial, when present, 
tends to subdivide at the main bronchial bi- 
furcation and to send rami to both superior 
and inferior lobar bronchi. Immediately di- 
stal to the bifurcation of the main bronchus, 
each arterial ramus usually assumes a more 
central position on the posterior membranous 
wall. Peribronchial arborization and anasto- 
moses are common in the region of the hilum. 
Hovelacque describes a case of anastomosis 
between a left bronchial artery of aortic origin 
with the left inferior pulmonary vein. 








BRONCHIAL ARTERIES 409 


Esophageal and other branches. Textbooks 
categorically describe the esophageal arterial 
supply as being derived in part from the bron- 
chial arteries, but little specific information 
concerning the overall vascular pattern for the 
esophagus is available." 

In the present series it is constantly ob- 
served that the predominant blood supply of 
the middle third of the esophagus is derived 
from the bronchial arteries (Figs. 4, 5, and 7). 
Anastomoses between the bronchial and aor- 
tic esophageal branches are regularly present; 
in 31.3 per cent of cases major anastomoses 
occur between inferior bronchial and esophag- 
eal arteries. Right bronchial arteries from 
intercostobronchial trunks always supply the 
dorsal aspect of the distal portion of the trachea 
and the adjacent segment of esophagus. Right 
inferior aortic arteries, when present, supply 
the esophagus liberally; this would be ex- 
pected from the dorsal transesophageal course 
of the vessel. 

One or more constant large esophageal ar- 
teries arise from the anterior aspect of the 
thoracic aorta opposite T8 to Tro. In 3 cases, 
primary aortic esophageal arteries contribute 
branches of the caliber of bronchial arteries to 
the lower lobe of the lung (left, 2; right, 1), 
entering the parenchyma through the pulmon- 
ary ligament in its middle and inferior thirds.’” 
Quain (citing Turner) described the frequent 
occurrence of small arteries extending later- 
ally from the aorta to the lung between the 
folds of the pulmonary ligament, and McCot- 
ter observed these vessels frequently. They 
are a prominent feature in the arterial supply 
of the dog’s lung (Berry, Brailsford, and 
Daly). 

In approximately 10 per cent of cadavers 
large pericardial arteries are derived from the 
bronchial arteries. These are more frequently 
associated with a right bronchial artery which 
passes superior to the left main bronchus, and 
with right inferior bronchial arteries. 

According to Cunningham (1937), its arteries consist of branch- 
es derived, in the neck from the inferior thyroid, in the thorax, 
from the bronchial arteries and thoracic aorta, and in the abdomen 
from the left gastric artery, and from the inferior phrenic. 

12The contents ot the pulmonary ligaments were studied in only 
a few cases, so these data are not indicative of the true incidence 
of pulmonary arterial supply from primary aortic esophageal 
arteries. This information will be provided in an extensive study 


of the esophageal arterial supply currently in progress in this 
laboratory. 
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The paratrachealand bronchial lymph nodes 
receive an abundant supply from the bron- 
chial arteries. Often the artery traverses a 
node en route to the bronchus. While, in the 
current series, no major bronchial artery is 
observed to arise directly from an internal 
mammary artery, anastomoses effected by 
small twigs occur constantly between the 
superior right bronchial and the correspond- 
ing internal mammary arteries. These twigs 
extend either longitudinally or obliquely dor- 
sal to the superior vena cava and lateral mar- 
gin of the trachea. 

Anastomosis is effected between superior 
bronchial arteries and the right subclavian 
and superior intercostal arteries, the minute 
rami derived from the network of vessels 
then supplying paratracheal and proximal 
bronchial lymph nodes. 

Indirect anastomosis between the right 
bronchial of intercostobronchial derivation 
and the superior intercostal and subclavian is 
also established through the first aortic in- 
tercostal which often arises in common with 
the definitive bronchial artery. 

The potential anastomotic relationship be- 
tween bronchial and associated mediastinal 
arteries and the coronary arteries was de- 
scribed by Hudson, Moritz and Wearn (1932). 
By injection technique, these authors demon- 
strated widespread anastomoses of auricular 
branches and the coronary branches to the 
pericardial fat with pericardicophrenic branch- 
es of the internal mammary arteries and 
with the anterior mediastinal, pericardial, 
bronchial, superior and inferior phrenics, in- 
tercostal and esophageal branches of the aorta. 
Gross anastomoses between the intercostal, 
internal mammary, esophageal and bronchial 
arteries, were also demonstrated in the dog’s 
lung by Berry, Brailsford, and Daly, and by 
Horine and Warner (1932). 

The vagus and associated pulmonary nerves 
receive minute rami from the bronchial ar- 
teries (Fig. 7), as well as from adjacent in- 
tercostal, esophageal, and mediastinal vessels. 

Situs inversus viscerum. One cadaver (not 
included in the tabulations) reveals a com- 
plete situs inversus viscerum. Its bronchial 
artery pattern, with one left and two right 
vessels, is the mirror-image of Type I. The left 
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artery arises in common with a first left in- 
tercostal, and the right inferior bronchial from 
the lateral aspect of the aorta. Neither of 
these arrangements occurs per se in the regu- 
lar series. The levels of origin are slightly 
lower than those usually seen, the right ar- 
teries being foui.d opposite T6 and T7. The 
left intercostobronchial artery provides an in- 
tercostal branch to supply the first, second and 
third intercostal spaces. 


CONCLUSIONS AND SUMMARY 


The origin, course and distribution of the 
bronchial arteries are described for a series of 
150 cadavers. The specimens are catalogued 
on the basis of types (I to IX) in the order of 
decreasing frequency of occurrence, and sub- 
divided on the bases of arterial origin: Type I, 
two left and one right arteries, in 40.67 per 
cent; Type II, one left and one right, in 21.33 
per cent; and Type III, two arteries to each 
side, in 20.67 per cent, comprise 82.67 per 
cent of all patterns. Variations in number, 
including 4 arteries to a side (2 cases), and a 
total of 5 bronchial arteries (6 cases) are 
observed. 

The aortic sites of origin of right bronchial 
arteries differ markedly from those of the 
left side, not only in position but in relation 
to parietal vessels. These bronchial vessels 
arise on the right anterolateral, lateral, or 
posterolateral surface of the aorta, and in 88.7 
per cent of cases, in common with an aortic 
intercostal artery. The right 1st aortic inter- 
costal participates in the common intercosto- 
bronchial stem in 78 per cent, the 2nd aortic 
intercostal in 7.33 per cent, and the 3rd 
aortic intercostal in 1.33 per cent. Left bron- 
chial arteries arise from the anterior surface 
of the aorta or from the arch; less commonly, 
they emerge from the right lateral or postero- 
lateral aspect, and only rarely from the left 
surface. In only 6 cases (4 per cent) does a 
left bronchial arise in common with an inter- 
costal artery; the latter vessel is invariably a 
right intercostal. Except in the rare case of 
situs inversus viscerum, bronchial arteries of 
either side have no relationship with left in- 
tercostal vessels. 

In 74 per cent of cadavers, bronchial ar- 
teries arise independently of each other; in 
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the remaining 26 per cent, two or more arise 
from common stems. In cases with common 
stems for a right and left vessel, the inferior 
bronchial arteries more frequently occur to- 
gether (7.3 per cent). This small percentage 
is in contrast to the usual textbook description 
of a consistent common trunk for inferior 
bronchial arteries. In 14.7 per cent one or 
more bronchial arteries arise from the aortic 
arch, usually the concavity; these are gener- 
ally single left bronchial arteries (10 per cent) 
and are supplementary to others of aortic 
origin. In only one case is the entire systemic 
arterial supply of both lungs derived from a 
common stem arising from the arch. 

Bronchial artery origin from the subclavian 
occurs in 3 cases (2 per cent): 2 from the left, 
and 1 from the right subclavian artery. In 
each instance the anomalous arteries of sub- 
clavian origin are supplementary to one or 
more bronchial arteries of aortic origin. 

In every cadaver at least one left bronchial 
artery arises independently from the thoracic 
aorta. Bronchial arteries range from the third 
to the eighth thoracic vertebral levels in their 
points of emergence from the aorta, with 
about half of right and left vessels occurring 
opposite T6, and one-third opposite Ts. 

The right bronchial artery is more constant 
than the left in course and distribution. Vari- 
ations in the course of right bronchials are 
generally seen in those arising independently 
of an intercostal artery. They may pass to the 
left, anterior to the esophagus (11.3 per cent) 
or anterior to the trachea (8.7 per cent), en 
route to the right bronchus. Bronchial arteries 
to the left lung follow a more direct course 
because of the proximity of their sites of ori- 
gin to the left main bronchus. Rarely (1 case) 
does a left bronchial artery course anterior to 
the esophagus to reach the corresponding bron- 
chus; more frequently does it pass anterior 
to the trachea (2 per cent) or wholly on the 
anterior surface of the left main bronchus 
(5.33 per cent). 

Anastomoses may occur between multiple 
vessels of the same and of the opposite sides. 
Major inosculations between adjacent left 
bronchial arteries appear in 2.67 per cent, 
and between those of opposite sides in 2 per 
cent of cases. 
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In its course the superior bronchial artery 
is usually applied to the posterosuperior as- 
pect of the main bronchus, the inferior bron- 
chial (if present) to the posteroinferior surface 
of the inferior lobar bronchus, rather than in 
the midportion of the dorsal membrane, as is 
often described. Terminally a more dorso- 
central position may be reached. Arborization 
and anastomosis of vessels on the distal bron- 
chi are common. 

The midportion of the esophagus receives 
its major blood supply from the adjacent 
bronchial arteries. Major anastomoses be- 
tween bronchial and aortic esophageal arteries 
occur in 31.3 per cent of cases, but smaller 
anastomotic rami are found in all specimens. 
Small arteries to the inferior pulmonary lobes 
may be derived via the pulmonary ligament 
from aortic esophageal vessels. 

Widespread anastomoses between bron- 
chial and other adjacent and more remote ar- 
teries occur: with the subclavian, internal 
mammary, superior intercostal, pericardiaco- 
phrenic, and aortic mediastinals. The bron- 
chial arteries provide direct parietal and vis- 
ceral rami to mediastinal structures, particu- 
larly the pericardium, tracheobronchial lymph 
nodes, posterior mediastinal fascia, and pul- 
monary nerve plexuses of vagal and sympa- 
thetic derivation. 

The bronchial arteries, therefore, are not 
strictly visceral nutrient vessels, the vasa nu- 
tritia of Soemmerring, but are more ubiquitous 
in their visceral and parietal associations. 
These additional branches, excepting those to 
the hilar lymph nodes, have been disposed of 
by the time the bronchial artery reaches the 
lobar bronchi, and thereafter become defini- 
tively pleuropulmonary in their distribution. 
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THE USE OF SULFADIAZINE AS A PREOPERATIVE AND 


POSTOPERATIVE MEASURE IN HYPERTHYROIDISM 


JOHN H. MULHOLLAND, M.D., F.A.C.S., JOHN A. LAWLER, M.D., F.A.C.S., and 
ELAINE P. RALLI, M.D., F.A.C.P., New York, New York 


HE management of the patient with 

thyroid disease in a large municipal 

-hospital presents certain problems 

because of the size of the wards and 
the consequent lack of privacy and quiet. This 
condition constitutes a very vital hazard to 
the patient with hyperthyroidism, to whom 
stimuli of almost any kind are particularly 
upsetting. Since 1929 the medical and sur- 
gical services of the Third (New York Uni- 
versity) Division, Bellevue Hospital, have col- 
laborated in the care of these patients, one 
member of each staff being primarily respons- 
ible, in co-operation with the resident phy- 
sicians of each service, for the handling of the 
patient. Therapy consisted of a high caloric 
diet during the preoperative period and Lu- 
gol’s solution 20 to 30 drops daily. This treat- 
ment was continued until the patient showed 
a decrease in the degree of hyperthyroidism as 
evidenced by gain in weight, fall in the basal 
metabolic rate, and slowing of the heart rate. 
From 1929 to 1941 thyroidectomies were per- 
formed on a total of 432 patients. Twenty 
patients died postoperatively either in thyroid 
crisis, within 48 hours after operation, or as a 
result of infection associated with thyroid 
crises. Analyses of the deaths showed that 
(1) in several of the patients there had been a 
tendency to some elevation of temperature in 
the preoperative period; (2) immediately after 
operation there was a sharp rise in tempera- 
ture and heart rate; (3) signs of pneumonitis 
usually developed if the patient survived for 
more than 24 hours; and (4) on postmortem 
examination, there was evidence of lobular or 
lobar pneumonia. Infection has often been re- 
ported as a factor in precipitating thyroid 
crises (2) and the findings in our patients 
seemed to support this observation. There- 
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fore, in September, 1941, as a measure in- 
tended to prevent infection, sulfonamide ther- 
apy was instituted following operation when- 
ever the temperature rose to 101 degrees. In 
the first cases, sulfathiazole was given but 
sulfadiazine soon became available and has 
been used since. Sulfonamide therapy was so 
satisfactory in controlling the temperature 
and any associated infection that it was de- 
cided to give the drug before operation in an 
effort to prevent postoperative infection. Each 
patient received 8 grams of sulfadiazine by 


mouth in divided doses in the 24 hour period 
before operation. The sulfadiazine was con- 
tinued after operation, 4 grams daily, for 2 to 


4 days. The administration of sulfadiazine 


has constituted the only significant change in 
the management of patients since the fall of 
1941. This method of therapy was begun 
about the time that Mackenzie and associates 
(November, 1941) (6) published their original 
report on the effect of sulfaguanidine on the 
thyroid glands in rats. In 1942 and again in 
1943, the Mackenzies (4, 5) and Astwood 
demonstrated the goiterogenic activity of ad- 
ditional sulfonamides and of thiourea. It 
seemed possible on the basis of their reports 
that by the use of sulfadiazine dual effects 
were being obtained, i.e., antithyroid and anti- 
infective, which perhaps accounted for the 
results. 
RESULTS 

This method of therapy has now been used 
on a total of 75 patients of whom 54 had severe 
hyperthyroidism (Table I). In several pa- 
tients the operation was done in 2 stages be- 
cause of the degree of thyrotoxicosis, so that a 
total of 85 operations were done. Since its use, 
no deaths have occurred. It may be argued 
that the number of cases is not large, but in a 
similar number of patients (Table II) operated 
on before this regimen, there were 4 deaths 
and many of the patients had a stormy post- 
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Chart 1. Case 483, a 24 year old female. Basal meta- 
bolic rate prior to administration of Lugol’s solution +76 
per cent, prior to operation and after 78 days of Lugol’s 
solution +59 per cent. One lobe of the thyroid gland was 
removed at the first operation. On the first day following 
operation the temperature rose to 102 degrees and the pulse 
continued to be rapid. The patient became restless and 
very difficult to quiet. Sulfathiazole was given by mouth. 
The temperature rose to 103 degrees, the pulse to 140 per 
minute, and then both pulse and temperature began to fall. 
The pulse rate remained elevated for several days and then 
fell to normal limits. The drug was discontinued after the 
4th postoperative day. 





operative course. Sulfadiazine has also been 
used in the treatment of thyroid crises occur- 
ring before operation and has controlled the 
condition rapidly as is illustrated in Case 490. 
The advantages of sulfadiazine are that it has 
relatively little toxicity, that it can be given 
intravenously, and that the effect in the pa- 
tient in thyroid crisis is rapid. 

Effect of sulfonamide therapy in the posto per- 
alive course and in thyroid crises. The course in 
6 patients has been charted to illustrate the 
effects of sulfonamide therapy. In 3 patients 
(Cases 483, 497, and 516, Charts 1 to 3) the 
drug was only given postoperatively when the 
temperature and heart rate had begun to rise. 
Case 483 (Chart 1) was a 24 year old female 
with severe hyperthyroidism. Her response 
to Lugol’s solution had not been satisfactory, 
and during the 78 days of preoperative care in 
the hospital, the basal metabolic rate had 
varied from +75 to +54 per cent. No sul- 
fonamide was given preoperatively. Follow- 
ing the first operation, at which one lobe of the 
thyroid was removed, the temperature rose to 
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TABLE I.—SUMMARY OF 85 OPERATIONS ON 75 
PATIENTS TREATED WITH SULFADIAZINE 


Number of females 
Ee en ee carr rep 17 
Age range in years 
Number of patients with hyperthyroidism 


Average B.M.R. of the hyperthyroid patients: 
After Lugol’s and before operation, +28 per cent 
Range of B.M.R. after Lugol’s, +57 to o per cent 
TABLE II.—SUMMARY OF 8I OPERATIONS ON 75 
PATIENTS TREATED PRIOR TO USE OF SUL- 
FADIAZINE THERAPY 
I I 65 ooo Fo ceo b cerwadevnesseaewes 61 


PUNE IN socio ap 5 adm ero cme pes ee eenmeaes 14 
Po as ace oc 6 che a Oa has wR Po ae 72 to 20 years 
Average B.M.R. of preoperative hyperthyroid patients 


After Lugol’s solution and before operation +26 per cent 
Range of B.M.R. after Lugol’s +58 to 1 per cent 


Deaths in This Group 


Case number ............2. 474 3092 427* 419 
pA Ser eee re 55 34 46 25 
Eee ee eee F F ° F 

Preoperative B.M.R....... +32 +12 +24 +30 
Day of death after operation 1st 7th 8th Ist 


*Second stage operation. 


103 degrees, the pulse rate to 140 per minute, 
and the restlessness characteristic of thyroid 
crises was manifested. Iluids were given in- 
travenously and, in addition, sulfathiazole was 
administered. The temperature and pulse de- 
clined, the patient became quieter, and within 
12 hours intravenous administration of fluids 
was discontinued. The severe degree of hyper- 
thyroidism was reflected in the microscopic 
section of the lobe removed at the first opera- 
tion which showed acini of varied size which 
only in certain areas contained poorly staining 
colloid. The epithelium appeared heaped up 
with buds in the acini. In areas the epithelial 
hyperplasia was so great that no definite 
acinar structure was seen. 


CASE 497 (Chart 2) was a 33 year old male. Pre- 
operatively no sulfadiazine was given. The basal 
metabolic rate 2 days before operation was +38 per 
cent. The temperature began to rise during the eve- 
ning of the day of operation. Sulfadiazine was be- 
gun (2.5 grams intravenously) and was continued 
for 3% days. The temperature was readily controlled 
and the patient made an uneventful recovery. 

CASE 516 (Chart 3), a 26 year old female, had had 
a complicated preoperative course due to a respira- 
tory infection and an ulcer of the cornea. The pre- 
operative period was prolonged and with administra- 
tion of Lugol’s solution, the basal metabolic rate had 
only decreased from +52 to +42 percent. No sulfa- 
diazine was given preoperatively. On the day fol- 
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Chart 2. Case 497, a 33 year old male. The patient had 
had 2 previous admissions and had refused operation. He 
was carried on Lugol’s solution for 5 months. His basal 
metabolic rate just prior to operation was +43 per cent. 
At this first operation the right lobe of the thyroid was re- 
moved. The pulse rate rose during the operation and when 
the temperature rose to 101 degrees on the night of opera- 
tion sulfadiazine was begun. The first dose was given intra- 
venously along with an infusion. The pulse rate remained 
elevated for several days but the temperature was con- 
trolled by the 2nd day and the patient made an uneventful 
recovery. 


lowing operation, the temperature rose to 101.8 de- 
grees and the heart rate was 140 per minute. Sulfa- 
diazine was begun on the afternoon of that day, and, 
as is shown in the chart, both the heart rate and the 
temperature began to drop and the drug was dis- 
continued on the third day as the patient was ob- 
jectively and subjectively greatly improved. 

CASES 408, 524, and 547 (Charts 4 to 6) received 
sulfadiazine in the 24 hours before operation and it 
was continued after operation as is indicated. Case 
498 (Chart 4) was a 21 year old female whose basal 
metabolic rate had fallen from +32 to +20 per cent. 
The postoperative course was exceptionally smooth, 
the temperature rising on only 1 occasion to 101.4 
degrees. Case 524 was a 39 year old colored female 
with diabetes mellitus as well as hyperthyroidism. 
The patient had been receiving Lugol’s solution as 
an out patient for 5 months. When she consented to 
operation she was hospitalized and before operation 
the basal metabolic rate was +13 per cent. There 
was a rise in temperature to 102 degrees on the first 
day after operation, but this fell on the same day to 
100.8 degrees and the course from then on was 
uneventful. Case 547 (Chart 6) was a 37 year old 
colored female. This patient was apprehensive, 
nervous, and restless during thespreoperative period. 
With administration of Lugol’s solution the basal 
metabolic rate fell from +57 to +35 per cent. The 
heart rate was elevated daily ranging from 98 to 130 
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Chart 3. Case 516, a 26 year old female. Basal metabolic 
rate prior to administration of Lugol’s solution +52 per 
cent, prior to operation +42 per cent. The preoperative 
course was prolonged due to a respiratory infection which 
was followed by corneal ulcers. No sulfadiazine was given 
preoperatively. On the first postoperative day the tem- 
perature rose to 101.8 degrees, the pulse to 140, and the 
patient became restless and apprehensive. Sulfadiazine 
was begun and by the 3rd postoperative day both the tem- 
perature and pulse were controlled. 


per minute. Sulfadiazine was given preoperatively 
and although the patient continued to have a rapid 
heart rate for the first 5 days after operation and the 
temperature rose on the 1st and 2nd day to 102.4 
degrees, her postoperative course was well controlled. 

The effect of sulfadiazine in a patient who devel- 
oped thyroid crisis on 3 occasions is demonstrated in 
Chart 7. This was Case 490, a 46 year old colored 
male patient whose entire course was unstable and 
whose hyperthyroidism was complicated by con- 
gestive heart failure. The operation was done in 2 
stages. At the first operation the right lobe of the 
thyroid was removed. Postoperatively the temper- 
ature rose to 104.2 degrees, the pulse to 170 per min- 
ute. Sulfadiazine was given intravenously, then by 
mouth and continued for 9 days. Within 24 hours 
the pulse rate had decreased to 136 per minute and 
the temperature to 101.4 degrees. The patient was 
readmitted 5 months later for the second stage 
operation. During the period of preparation for 
thyroidectomy the patient appeared to be developing 
thyroid crisis; the temperature rising to 104.4 de- 
grees and the pulse rate to 168 per minute. He re- 
ceived sulfadiazine and sodium iodide intravenously 
with a prompt remission of the symptoms. He was 
operated on 16 days later and through error no sul- 
fadiazine was given preoperatively. On the day after 
operation the temperature rose to 105.6 degrees. Sul- 
fadiazine was then given intravenously and both 
temperature and pulse rate fell rapidly; the remainder 
of the postoperative course was uncomplicated. 
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Chart 4. Case 498, a 21 year old female. Basal metabolic 
rate prior to administration of Lugol’s solution +32 per 
cent, after its administration +20 per cent. Preoperative 
period was 2 weeks. Sulfadiazine was given during the 24 
hours prior to operation and was continued for 2 days fol- 
lowing operation. The postoperative course was uncom- 
plicated and the patient was discharged from the hospital 
on the 8th postoperative day. 
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Chart 6. Case 547, a 37 year old colored female. This 
patient was nervous and apprehensive and no satisfactory 
basal test could be done prior to the administration of 
Lugol’s solution. After Lugol’s solution had been given for 
60 days the basal metabolic rate was +45 per cent. Sulfa- 
diazine was given in the 24 hours prior to operation and a 
right hemithyroidectomy was done. The pulse rate re- 
mained elevated for 4 days and the temperature rose on the 
rst and 2nd postoperative days to 102 degrees. The pa- 
tient, however, was quiet and showed no signs of thyruid 
crises. 
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Chart 5. Case 524, a 39 year old colored female with 
severe diabetes mellitus. Prior to the administration of 
Lugol’s solution the basal metabolic rate was +45 per cent. 
She was treated with Lugol’s soluticn in the clinic for 4 
months and was then sent into the hospital for operation. 
The basal metabolic rate prior to operation was +13 per 
cent. Sulfadiazine was given in the 24 hours before opera- 
tion and was continued until the 4th postoperative day. 
The temperature rose on the afternoon of the rst postoper- 
ative day but aside from this the postoperative course was 
uneventful. 








As a comparison, the characteristic reaction 
of uncontrolled thyroid crises occurring post- 
operatively is illustrated in Chart 8. These 2 
patients received the therapeutic measures 
employed prior to the discovery of antithyroid 
drugs, i.e. infusions, sodium iodide, sedation, 
and iced enemas, to reduce the temperature, 
with no effect—both patients died. This se- 
vere type of reaction accompanied by a rapid 
rise in temperature and pulse rate has been 
controlled in the patients receiving sulfadia- 
zine before and after operation. 

Microscopic appearance of the glands. Mi- 
croscopic sections of all glands removed at 
operation were examined. We are indebted 
to Doctor John Hall of the Department of 
Pathology for his opinion and diagnosis of the 
sections. Unfortunately, on the basis of the 
microscopic appearance of the glands it was 
not possible to evaluate the goiterogenic effect 
of the sulfadiazine administered in the 24 
hours before operation. This is not surprising 
as in patients with severe hyperthyroidism the 
involution resulting from administration of 
Lugol’s solution is irregular and areas of con- 
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iderable hyperplasia are usually present. The 
‘eneral impression of the microscopic sections 
if the glands of the patients in this series was 
hat they were still hyperplastic but that there 
vas also evidence of the involution associated 
vith iodine administration. The acini varied 
n size, some containing light and others dark- 
r pink staining colloid. The epithelium lining 
he acini varied from plump cuboidal cells to 
ayers of columnar cells in the larger acini. 
Many acini contained papillary epithelial 
irocesses which extended into the lumen. 
some few collections of lymphocytes were 
cattered throughout the interstitial tissue. 
n Figure 1 are shown microscopic sections of 
he thyroid glands removed from Cases 524 
ind 497 (second operation). Both patients 
eceived 8 grams of sulfadiazine in the 24 
iours prior to operation. In Figure 2 are mi- 
‘roscopic sections from Cases 483 and 497 
first stage operation). Neither of the patients 
received sulfadiazine preoperatively. All of 
the sections show hyperplasia of the thyroid 
tissue with areas of colloid deposition. It is 
obviously difficult to judge to what extent the 
hyperplasia might have been influenced by the 
preoperative administration of sulfadiazine. 
Even in Case 497, in which the patient re- 
ceived sulfadiazine before the second stage 
thyroidectomy (Fig. 1) but received none be- 
fore the first stage, it would be difficult to 
evaluate the antithyroid effect of the drug. 

The state of the thyroid gland at operation in 
the patients receiving sulfadiazine preopera- 
tively provided no unusual technical diffi- 
culties. Bleeding was not a complication nor 
was the gland friable or easily torn. 


DISCUSSION 


Hyperemia and enlargement of the thyroid 
gland have been shown to follow the admin- 
istration of the sulfonamides as well as of thi- 
ourea (1, 4, 5, 6). The Mackenzies (5, 6) re- 
ported that sulfaguanidine, sulfadiazine, and 
sulfapyridine were effective in this respect. 
They noted that the administration of iodine 
“conferred no protective action on the thy- 
roids of animals ... fed sulfaguanidine.”’ In 
fact the condition of the thyroid gland both as 
to enlargement and histologic changes seemed 
to be aggravated by the administration of 
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Chart 7. Case 490, a 46 year old colored male was ad- 
mitted in congestive heart failure complicating hyperthy- 
roidism. The basal metabolic rate prior to operation, after 
50 days of administration of Lugol’s soluticn, was +25 per 
cent. A right lobectomy was done at the first operation. 
The temperature and pulse rose and the patient developed 
the characteristic signs of thyroid crises. Sulfadiazine was 
begun intravenously and continued orally. The signs of 
crises abated and the patient improved. The basal meta- 
bolic rate at the time of discharge, 17 days after operation, 
was +5 percent. The patient returned for the second stage 
operation 24 months later. He developed thyroid crises 
during the preoperative period and this was controlled by 
the administration of sulfadiazine. Due to an error he re- 
ceived no sulfadiazine preoperatively and on the 1st post- 
operative day he again developed the signs of crises and 
again he responded to the administration of sulfadiazine. 
The patient received either Lugol’s solution or sodium 
iodide during the entire time. 
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Chart 8. Course in 2 patients who developed thyroid crises following operation and died 
prior to the institution of sulfadiazine therapy. Left, Case 164, a 51 year old female. Basal 
metabolic rate prior to administration of Lugol’s solution +27 per cent, after Lugol’s and prior 
to operation +13 percent. The pulse rate increased during the operation and remained elevated. 
The temperature rose on the first postoperative day and the patient became restless and appre- 
hensive. The treatment consisted of transfusion, infusions, sedation and administration of Lugol’s 
solution. She died on the 3rd postoperative day. 

Right, Case 297, a 48 year old female. This was the second stage of the thyroidectomy. 
Basal metabolic rate on admission was +61 per cent, after preoperative preparation +52 per 
cent. The patient had been on Lugol’s since the first operation. As the patient’s heart rate 
was within normal limits and the temperature was never above 98.6 degrees, and this was the 
second stage operation, it was considered safe to proceed. Both the pulse and temperature rose 
precipitously following operation. The temperature fell on the first postoperative day but rose 
again. The pulse rate remained very rapid and the patient developed the restlessness and ap- 
prehension characteristic of thyroid crises. She died on the 3rd postoperative day. 

The uncontrolled reaction in these cases should be compared to the courses in Cases 483, 497, 
and 490, in which sulfadiazine was given when the temperature and pulse rate rose following 

































































operation. 


iodine. Astwood, in assaying the various sul- 
fonamides in respect to their goiterogenic ac- 
tivity, found that sulfadiazine was the most 
effective. Administration of the sulfonamides 
to rats was accompanied by hyperplasia of the 
thyroid and a lowering of the basal metabolic 
rate. 

The exact mechanism by which the sulfon- 
amides and the thioureas exert their goitero- 
genic effect has been the subject of some dis- 
cussion. In a recent report Mackenzie (3) 
postulates that the action of the sulfonamides 
differs from that of the thioureas and that this 
difference is illustrated when sodium iodide is 
given in conjunction with thiouracil or sulfa- 
guanidine. He observed that the response to 
thiouracil was affected in two ways by the ad- 
dition of sodium iodide to the diet of the rat. 
Small amounts of iodide inhibited the thyroid 
enlargement produced by thiouracil but had 


no effect on the hyperplasia. Larger amounts 
of iodide suppressed the hyperplastic change 
that usually accompanies the enlargement of 
the gland. However, when sulfaguanidine and 
sodium iodide were given together, “iodide 
neither reduced the size of the thyroid nor in- 
hibited the degree of hyperplasia. On the con- 
trary, a high level of iodide actually potentiated 
the goiterogenic action of low levels of sulfa- 
guanidine, and increased the weight of the 
gland by 30 to 4o per cent.”’ These observa- 
tions are of particular interest to us as we ad- 
ministered either Lugol’s! solution or sodium 
iodide along with the sulfadiazine to the pa- 
tients and found that this method of therapy 
reduced the incidence of severe postoperative 
reactions and controlled thyroid crises when it 


‘According to the U.S.P. formula for Lugol’s solution, it con- 
tains 12.6 per cent iodine, 5 per cent of which is free or elemental 
iodine and 7.6 per cent of which is present as iodide. 
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Fig. 1. Microscopic sections from the thyroid glands of 
Cases 524 and 497 (second operation). Both of the patients 
received 8 grams of sulfadiazine in the 24 hour period prior 
to operation. Left, Case 524 had been receiving Lugol’s 
solution for 5 months prior to operation. The basal meta- 
bolic rate before operation was +13 per cent. There is pro- 
nounced hyperplasia of the gland and also evidence of some 
involution with colloid deposition. Right, in Case 497 this 
is the section of the thyroid gland removed at the 2nd stage 


Fig. 2. Microscopic sections from the thyroid glands of 
Cases 483 and 497 (first stage operation). These patients 
did not receive sulfadiazine preoperatively. The sections 
show hyperplasia and areas of involution with colloid 
deposition. The basal metabolic rate in Case 483, left, prior 
to operation was +54 per cent, and in Case 497, right, it 


occurred either before or after operation. The 
question of a goiterogenic effect in the patients 
was impossible to evaluate satisfactorily on 
the basis of the microscopic appearance of the 


of a 2 stage thyroidectomy. The patient received sulfadia- 
zine prior to this operation. He had been receiving Lugol’s 
solution since before the first operation, a total period of 
210 days. This section shows colloid deposition and also 
areas of remaining hyperplasia. The microscopic section 
from the gland removed at the first operation, at which 
time no sulfadiazine was given, is shown in Figure 2. There 
does not seem to be any significant difference in the degree 
of hyperplasia or colloid deposition shown in these sections. 


was +38 per cent. The course in these 2 patients is shown 
in Charts 1 and 2. The microscopic section in Case 497 
should be compared to the microscopic section from the 
gland of this same patient shown in Figure 1, as the latter 
was removed at the second operation prior to which the 
patient received sulfadiazine. 


gland. When the sulfadiazine was given be- 
fore operation it was only for a period of 24 
hours and it might well be questioned whether 
this period of time was sufficiently long to per- 











Case Age — 
No years 
476 52 I 
2nd op 
+78 38 I 
80 28 I 
481 20 M 
482 24 I 
$83 22 I 
2nd op 
454 29 F 
186 30 F 
487 56 F 
188 29 M 
1590 15 F 
49C 40 M 
2nd op 
1901 56 M 
492 24 F 
104 44 F 
496 11 M 
$07 33 M 
2nd op 
495 21 F 
499 7° F 
500 50 I 
501 19 I 
502 52 M 
503 27 M 
504 57 I 
505 18 I 
506 40 I 
507 5 I 
508 20 M 
509 21 I 
511 62 M 


TABLE III.—SULFADIAZINE TREATED GROUP 


Metabolism 
Basal st > ati 
before prior to op- of Laat 
Lugol’s eration and bee . 
per cent after Lugol's ‘tan 
per cent — 
+71 +65 26 
+56 +65 28 
—13 — 9 3 
—14 None 
+21 +12 5 
—12 —12 None 
+76 +59 78 
+44 to In clinic 
+33 108 
+28 +13 II 
+61 +30 35 
+28 +18 9 
+7 2 
+ 5to In clinic 
—10 240 
+26 +26 5° 
+40 to In clinic 
+36 105 
+43 +26 In clinic 
150 
+68 +17 25 
+51 +21 19 
+22 to In clinic 
+18 150 
+63 to In clinic 
+43 120 
+60 to In clinic 
+40 and hosp. 
21c 
+32 +20 16 
Unable to 2 
test 
—11 5 
—4 12 
+72 +34 15 
+19 Carried in 
clinic for 
2 years 
+14 10 
+38 +9 15 
+29 +26 24 
+18 +10 9 
TS3 gS 21 
+69 +28 23 
+47 +31 In clinic 


240 
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Postoperative 


B.M.R 
per cent 


+65 


+16 


—19 


+20 


wn 


+10 
+24 
+8 


days in 
hospital 


24 


39 


Complications 


Tracheal collapse postop. 
Tracheotomy 


Thyroid crises postop. 


| Thyroidectomy left lobe 1‘ years before 


Diabetes mellitus 


Admitted in congestive heart failure 


Bronchopneumonia postop 





Thyroid crises twice Preop. 
with sulfadiazine 





strep. 


| Paroxysmal auricular fibrillation 


| Coronary occlusion postop., pt 
diabetes 


1st stage done 18 mos. before in another 


hosp. 


Treated 


hroat culture positive for hemolytic 
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TABLE III.—SULFADIAZINE TREATED GROUP—Continued 
—_ Metabolism ae ae Postoperative 
eo = sn prior to op- eal’ (once p 
Case Age Sex before eration and | °f Lugol’s Complications 
No — 7 Lugol’s after Lugol’s i B.M.R days in 
per cent per cent — per cent hospital 
2nd op. +29 to In clinic +12 21 
| 9 and hosp. 
270 
512 57 F +42 +17 23 + 3 33 Kept in hosp. because of home situation 
513 41 F +45 + 1 17 ° II 
510 F +20 15 8 
ona «(* 32 F — 3 In clinic — 2 9 
150 
515 58 F +20 to In clinic — 2 14 
+18 1% yrs. 
516 26 F +51 to In clinic +9 14 T hrombophlebitis and corneal] ulcers pre- 
+40 90 operatively 
fore 
. 517 41 F +54 +37 22 + 8 11 
518 48 F +14 In clinic — 3 14 
150 
519 48 M +100 +38 27 +19 9 
520 21 F +23 —2 28 —21 41 Post op. tetany treated with calcium 
ure 521 44 F +54 +30 19 +9 11 
523 46 M +52 +11 | 32 + 8 25 Thyroidectomy at another hosp. 21 yrs 
ited prior 
524 390 F +45 to In clinic +9 14 Diabetes mellitus 
+13 150 
525 21 F —10 — 8 None - 8 6 
: 526 35 F —1 None —18 8 
ytic 
527 41 F -— 8 None -—9 16 
530 60 M +57to | Inclinic +17 9 
+20 75 
2nd op. +16 In clinic +16 10 
| and hosp. 
105 
532 47 F +47 +17 15 £2 9 
533 35 F +37 +22 25 —1 II 
534 28 F +20 At inter- —12 9 
vals by 
L.M.D. for 
90 
535 34 M +36 +16 69 —5 70 Thiouracil tried; pt. became toxic; pt. 
also had diabetes mellitus 
536 39 F +12 — 5 None 7 
537 43 F —2 3 —4 13 Postop. tetany 
538 55 I —-7 None —19 13 
had 5390 | 47 F +40 +17 36 = 3 12 
540 60 F +10 None —14 13 
541 52 F +27 +10 24 6 
542 35 I —% 9 —10 14 
543 46 F +26 +4 In clinic —15 16 
30 | 
her 544 5° F — 5 | | None —12 | Pt. transferred to psycho. postop. 
} - | ae s 
545 48 Ik +22 +9 22 +8 15 | Recurrent hyperthyroidism. Pt. had 2 
| | stage thyroidectomy In 1929. 
| | | 
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TABLE III.—SULFADIAZINE TREATED GROUP—Concluded 








| Metabolism 


| Postoperative | 


| Basal Durati 
s uration 
Case Age Se before prior pepe | of Lugol’s Cc licati 
No years sex Lugol’s eration and | preop A omplications 
’ agatha after Lugol’s | pe B.M.R. days in 
F percent | i per cent | hospital 
546 15 F +41 +58 05 +7 | 19 | Thiouracil given for short period. Pt 
| became nauseated. Pt. had severe 
psychoneuroses requiring prolonged 
preoperative therapy 
547 38 I | Impossible +45 | 60 _Remained 
to do | in hosp. for 
| | 2nd stage 
2nd op +35 | 30 — 3 17 
548 34 F | +63 +45 9c -—- 8 II Severe psychoses and malnutrition 
549 41 M | +92 +31 37 _Remained 
| in hosp. for 
2nd stage 
2nd op 16 +1 14 
55¢ 38 F +45 +20 24 | +4 9 
| 
551 29 F +45 | +21 | Inclinic II 
| 120 
| 
552 og F +13 | 5 9 
553 44 F +63 +32 | Inclinic | + 8 45 Acute pericarditis postoperatively 
180 | 
554 63 F Unsatis- II | Carcinoma of the thyroid 
factory 
2nd op | Radioactive 45 
iodine 
| | 
555 62 M +22 Inclinic | 12 } 
255 | | 
| | 
557 6 I — 8 + 5 5 | 7 | 
| | 
559 21 F + 6 —4 14 | 10 
560 23 F +36 +29 38 + 4 8 | Original operation 1 yr. before in Puerto 
| Rico. Recurrent hyperthyroidism. 
561 50 M +25 + 5 53 II | Diabetes mellitus 





mit a goiterogenic effect. In this regard the 
observations of Astwood and associates may 
be of interest. They reported that in rats 
histological changes are visible in the thyroid 
gland 48 hours after the administration of the 
sulfonamides or the thioureas. The minimal 
effective dose of sulfadiazine reported for rats 
was 4.2 milligrams per too grams of body 
weight. With larger doses the effect was vis- 
ible earlier. The body weight of the hyper- 
thyroid patients in our group did not exceed 
70 kilograms and on this basis the dose of sul- 
fadiazine given before operation was about 8.8 
milligrams per 100 grams of body weight. The 
possibility does, therefore, exist that the sul- 
fadiazine might have exerted some goitero- 
genic effect which the already hyperplastic 
state of the gland masked. This point deserves 
further investigation. Another interesting fact 
was that sulfadiazine was effective in control- 


ling the rise of temperature and heart rate and 
the other signs of thyroid crisis if they occurred 
after complete removal of the gland. This is 
illustrated in Case 490 in whom thyroid crisis 
occurred after the second stage of the opera- 
tion when removal of all remaining thyroid 
tissue was done. One of the enigmas of thyroid 
crises has been that it can occur after subtotal 
thyroidectomy when the amount of thyroid 
tissue remaining in the patient is smal]. This 
is again illustrated in Case 297 (Chart 8) a 
patient operated on before sulfadiazine was 
used who developed thyroid crises after the 
second stage operation and died. Also, in a re- 
cent report by McArthur, Rawson, Means, 
and Cope, of 25 patients developing thyroid 
crises after operation 13 had had subtotal thy- 
roidectomies. The fact that thyroid crises can 
occur after as well as before removal of the 
thyroid gland suggests that this reaction may 
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not originate primarily in the thyroid. The 
abnormal stimulus which precipitates the 
storm may well arise elsewhere in the body 
and may reflect a severe disturbance in hor- 
monal balance. From our experience with 
these patients, sulfadiazine has what might be 
considered a hitherto undescribed effect on 
thyroid crises. It does not seem plausible to 
invoke the anti-infective or goiterogenic ac- 
tions of the drug to explain this phenomenon. 
Thus, the use of sulfadiazine may constitute 
another of the empiric procedures to be added 
to those already used in the management of 
the patient with hyperthyroidism. One must 
acknowledge that most of the procedures uti- 
lized in the treatment of this disease, includ- 
ing thyroidectomy, are empiric. 
SUMMARY 

Eighty-five thyroidectomies were done on 
75 patients with thyroid disease; 54 of the 
patients had severe hyperthyroidism. In ad- 
dition to the usual preoperative therapy with 
Lugol’s solution, most of the patients received 
8 grams of sulfadiazine in the 24 hours before 
operation. The postoperative course in these 
patients was not attended by any severe re- 
action and the temperature and pulse rate 
were well controlled. In patients not receiving 
the sulfonamide before operation, the drug 
was given after operation when the signs sug- 
gestive of thyroid crisis occurred; i.e., rapid 
heart rate, restlessness, and a rise in tempera- 
ture to 101 degrees. In every instance the 
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temperature and heart rate decreased and the 
patient’s condition improved. This also oc- 
curred when sulfadiazine was given to patients 
showing signs of thyroid crises before opera- 
tion. The effect of the sulfadiazine occurred 
within 12 hours of its administration. In this 
group of patients treated with sulfadiazine 
and Lugol’s solution there were no deaths, 
whereas in a similar group of 75 patients re- 
ceiving Lugol’s solution and operated upon, 
there were 4 deaths. 

Sulfadiazine undoubtedly helped control 
any infection that might have been respon- 
sible for the rise in temperature. In addition, 
as the drug is known to exert a goiterogenic 
effect, this may also have contributed to its 
effectiveness. In view, however, of the rapid- 
ity with which the drug controlled the signs 
of thyroid crises the suggestion is made that 
sulfadiazine may have had an effect on the 
extrathyroid mechanism initiating the reac- 
tion known as “thyroid crisis.”’ 
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ACUTE PNEUMOCHOLECYSTITIS 


CARL J. HEIFETZ, M.D., and H. R. SENTURIA, M.D., St. Louis, Missouri 


Y acute pneumocholecystitis is meant 
an acute infection of the gall bladder 
characterized by the production of gas 
within the gall bladder lumen. The 

diagnosis can be made radiographically, the 
gall bladder being visualized through the con- 
trast medium of gas. The term acute pneumo- 
cholecystitis seems preferable to “‘pyopneumo- 
cholecystitis” as advocated by Simon, since 
there is no certainty that all cases have pus in 
association with gas. The name ‘‘emphyse- 
matous cholecystitis” proposed by Schmidt 
and Stevenson (17, 18) also lacks inclusiveness 
since the emphysematous pericholecystic in- 
filtration of gas is not invariably present. 
The recognition of gas infection of the gall 
bladder as an entity is almost solely a product 
of the roentgenological literature. This is un- 
derstandable because of the almost pathog- 
nomonic rdéle of roentgenographs. The surgeon 
should be no less interested, for certain pecu- 
liar features of this disease pose problems in its 
surgical management. That gas-forming or- 
ganisms are frequent inhabitants of the biliary 
tract has been known for years. These organ- 
isms are not unlike those present in the intes- 
tinal tract. While a majority of normal and 
diseased gall bladders are sterile, others con- 
tain a wide variety of bacterial flora, headed 
in frequency by the Escherichia coli communis 
and the Clostridium perfringens (1, 8). Besides 
the Clostridium perfringens, other gas-forming 
organisms, often difficult to classify, may exist 
in the bile tract. For the most part they seem 
to exist as harmless saprophytic inhabitants. 
Occasionally they manifest themselves by the 
postmortem production of gas in the bile radi- 
cles(21). Demonstration of gas in the gall 
bladder is perhaps most frequent in fistulas be- 
tween the gastrointestinal tract and the gall 
bladder, a condition which bears little clinical 
relationship to the subject of this paper. 
Examination of the literature of the last 45 
years has uncovered only 8 bona fide cases 
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of acute pneumocholecystitis. Kirchmayr was 
evidently the first to draw attention to this 
condition. In 1925 he described a case of 
severe acute cholecystitis in a 64 year old 
male patient, who at operation presented a 
gangrenous gall bladder distended with gas 
and pus, some of the gas having escaped into 
the peritoneal cavity through a perforation. 
Gram positive, gas producing anaerobic bacilli 
without spores were recovered from the gall- 
bladder contents and wall. The gall bladder 
was removed, and recovery was uneventful. 
No roentgenologic studies were made. 
Hegner, in 1931, was the first to recognize 
this disease preoperatively. His patient was a 
62 year old man, who had symptoms and signs 
of severe acute cholecystitis. A scout film of 
the gall-bladder area showed a pear-shaped 
gas shadow corresponding in shape and size to 
an enlarged gall bladder. During several days’ 
observation the amount of the gas increased 
and small infiltrations of gas bubbles could be 
demonstrated in the pericholecystic area. At 
operation emphysema of the gall-bladder wall 
and gas under pressure within the acutely 
inflamed gall bladder were found. The gall 
bladder was drained. Death occurred of pul- 
monary embolism on the fourth postoperative 
day. No calculi were demonstrated at opera- 
tion, but a large mulberry stone was found in 
the gall bladder at autopsy. ‘Atypical Bacil- 
lus welchii’’ were recovered from the gall- 
bladder pus obtained at operation and autopsy. 
A year later Simon described a similar case 
in a 32 year old man. An admission diagnosis 
of acute cholecystitis was made. On roentgen- 
ographic examination gas over a fluid level 
was demonstrated within the gall bladder. In 
addition there were small infiltrations of gas in 
the pericholecystic area. The gastrointestinal 
series showed no communication between the 
intestine and the gall bladder, although the 
imprint of the enlarged gall bladder in the 
adjacent small intestine could be shown. While 
the general condition of the patient improved, 
the roentgenogram showed more pericholecys- 
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tic infiltration, so that surgery was performed. 
When the peritoneum was opened, gas and 
bile-stained pus escaped from a pocket at the 
fundus of the gall bladder. The gall bladder 
was gangrenous and there were a number of 
small perforations. Many calculi were present. 
Cholecystectomy was performed. Direct 
smears of the pus showed “‘spores and anaerobic 
type organisms.” No culture was made. The 
patient recovered. Simon thought that the 
infection might be blood-borne. 

Schmidt in 1938 added a case of a 38 year 
old man with symptoms of acute cholecystitis, 
whose roentgenogram showed gas filling the 
gall bladder but no pericholecystic involve- 
ment. Gastrointestinal series ruled out a 
communication with the intestine or stomach. 
Spontaneous recovery occurred. The roent- 
genograms were so similar to those described 
by Hegner and Simon, that Schmidt did not 
hesitate to consider this a case of gas infection 
of the gall bladder, despite lack of operative 
or autopsy proof. Some hint as to the mechan- 
ism of recovery could be obtained from the 
cholecystograms taken during partial recov- 
ery, when the cystic duct was sufficiently 
patent to permit entrance and some concen- 
tration of the dye. 

In 1940 del Campo and Otoro described 2 
cases in which the bile tract could be visual- 
ized radiographically. In the first case there 
was a fistulous communication with the gas- 
trointestinal tract and it cannot be included 
in this series. The second case was a 74 year 
old man who presented symptoms of acute 
cholecystitis. The initial roentgenograms 
showed no gas in the bile tract but roentgeno- 
grams on the 5th hospital day showed that the 
medium and large bile ducts were filled with 
gas, although no gas was seen in the gall 
bladder. When operation was performed the 
following day, a large amount of gas under 
pressure together with reddish-yellow pus was 
aspirated from the gall bladder. The acutely 
inflamed organ was drained. Clostridium per- 
fringens was recovered from the pus. Death 
occurred on the fourth postoperative day. The 
postmortem examination revealed numerous 
large calculi in the gall bladder and common 
bile duct, one impacted in the ampulla of 
Vater. Necrotic areas containing gas were 
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found in the lungs, myocardium, kidneys, and 
liver, but these were not cultured. This case 
differs considerably from the others; its inclu- 
sion in this series may be open to question. 

Stevenson (17, 18) in 1944 described 3 cases 
in men aged 52, 63, and 64. All had symp- 
toms and signs of acute cholecystitis. The 
accidental finding of gas in the gall bladder 
and pericholecystic tissues led to the diagnosis 
of “emphysematous cholecystitis.” Two pa- 
tients were subjected to surgery, and the 
acutely inflamed and gangrenous gall bladders 
contained gas, pus, and calculi. The peritoneal 
exudate of 1 case was cultured and revealed 
“aerobic and anaerobic streptococci.’”’ The 
third patient presented a similar picture and 
made a recovery without surgery despite the 
fact that gas had infiltrated into the perichol- 
ecystic tissues. This patient received inten- 
sive antigas infection therapy, including 
polyvalent antiserum, sulfathiazole, and roent- 
gen therapy, and Stevenson is of the opinion 
that the treatment may have helped the pa- 
tient recover without surgery. 

The foregoing cases are the only ones falling 
into this clinical and roentgenologic classifica- 
tion. Other reports demonstrating gas-form- 
ing organisms in the gall bladder are not 
uncommon (5, 10, 13, 19), but they are cases 
in which Clostridium perfringens (‘‘Frankel’s 
or Welch’s bacillus’) was found in routine 
cultures from pus recovered at operation or 
autopsy. Mention of gas in the gall bladders 
was not made, except in the case of Hallé and 
Marquézy, in which on postmortem examina- 
tion gas was present in the gall bladder and 
liver, very likely a postmortem change. 


CASE REPORTS 

Case 1. H. W., white, male, aged 52 years, was 
admitted to the Jewish Hospital of St. Louis on 
October 2, 1946, 2 days after the onset of epigastric 
and right upper quadrant pain radiating to the back 
and midthorax, and followed by a bloated feeling and 
nausea. Two hours after the onset he was seen by a 
physician who administered morphine. This treat- 
ment was effective during his only previous similar 
attack of pain 4 months earlier, following which an 
electrocardiogram showed a ‘‘normal cardiac mecha- 
nism.”’ He slept for 8 hours and awakened with a 
continuation of right upper quadrant pain, the radi- 
ation to the back and thorax having subsided. Sev- 
eral loose bowel movements were noted after the 
onset; subsequently the bowels were costive. When 
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Fig. 1. Case 1. Flat plate of gall-bladder area showing a 
pear-shaped gas-containing gall bladder. The gall bladder 
is sharply outlined and there is no gas in the pericholecystic 
tissues. 


his physician felt a tender mass in the right upper 
quadrant the patient was admitted with a clinical 
diagnosis of acute cholecystitis. 

Physical examination: The patient was a middle- 
aged man, apprehensive, perspiring freely, and com- 
plaining of constant abdominal pain. The clinical 
appearance belied the low temperature (100.6 rectal) 
and slow pulse rate (84 per minute). The sclerae were 
faintly icteric. The upper abdomen remained splinted 
on deep breathing. Intestinal peristalsis was audible. 
A smooth, very tender globular mass 4 inches in 
diameter extended below the right costal margin and 
moved with respiration. On either side of the mass 
the liver edge could be felt one to two fingerbreadths 
below the costal margin. Palpation was easiest ac- 
complished by light pressure, deeper pressure causing 
enough muscle guard to obscure the mass. Rebound 
tenderness was minimal. 

Laboratory data: Urinalysis was negative except 
for two-plus urobilinogen. White blood cells num 
bered 13,800; red blood cells, 4,080,000; hemoglobin, 
12.8 grams. Differential count showed basophils, 0; 
eosinophils, 2; myelocytes, 0; juvenile form, 0; stab 
form, 16; segmented form, 67; lymphocytes, 14; 
monocytes, 1. Diastase, 35; nonprotein nitrogen, 19; 
blood sugar, 107; Kahn, negative; cholesterol, 303; 
icterus index, 10; total protein 5.8; albumin, 3.0; 
globulin, 2.8. 
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Fig. 2. Case 1. Eight days later the gall bladder shows 
increase in size and now assumes a more globular outline. 
The margins of the gall bladder are irregular due to gas 
infiltrating into the pericholecystic tissues. 


Course: Admission roentgenograms showed the 
gall bladder distended with gas, the wall sharply out- 
lined (Fig. 1). Because the optimum period for per- 
forming cholecystectomy in the acute stage had al- 
ready passed, and because the clinical findings 
showed some improvement, it was decided to post- 
pone operation. The experiences of Schmidt and 
Stevenson in similar cases, which recovered without 
operation, somewhat influenced this decision. The 
patient received 20,000 units of polyvalent gas gan- 
grene antitoxin intramuscularly initially and 10,000 
units thereafter every 12 hours. In addition, 50,000 
units of penicillin every 3 hours intramuscularly and 
1 gram of sulfadiazine every 4 hours were adminis- 
tered. A diet high in carbohydrates and proteins was 
well tolerated. The temperature and pulse rate re- 
mained relatively low and the acute inflammatory 
signs in the upper abdomen showed some alleviation. 
But the gall bladder slowly increased in size, and the 
leucocyte count remained elevated. A roentgeno- 
gram made on October to showed an increased 
amount of trapped gas in a more globular gall 
bladder, whose margins were irregular due to gas 
infiltrating into the pericholecystic tissues (Fig. 2). 

On October 8 the sulfadiazine, and on October 9 
the penicillin, were discontinued without appreciably 
altering the clinical course. On October 13 the roent- 
genogram showed an irregular pattern of gaseous 
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Fig. 3. Case 1. Three days later there is an irregular 
pattern of gaseous infiltration in the gall-bladder bed with 
widespread pericholecystic infiltration. 


infiltration in the gall-bladder bed and a more wide- 
spread pericholecystic infiltration (Fig. 3). In the 
meanwhile the temperature and pulse rate became 
normal, although the gall bladder was still enlarged 
and tender and the leucocyte count remained ele- 
vated. For the next few days the condition remained 
unchanged. Beginning October 19 daily rises in 
temperature to 100 degrees were noted. On October 
21 the roentgenograms showed an increase of gas, 
both within the gall bladder and in the surrounding 
tissues (Fig. 4). 

The following day, October 22, surgery was per- 
formed under general anesthesia. A short, muscle- 
splitting, upper right rectus incision was made di- 
rectly over the palpable mass. When the peritoneum 
was opened, gas under pressure hissed out of a walled- 
off abscess cavity, which included the necrotic fun- 
dus of the gall bladder. Then a mixture of bile- 
stained pus and numerous small, black, bilirubinate 
calculi were removed by suction from what was ap- 
parently the gall-bladder lumen. Complete exami- 
nation of the gall bladder was not possible, but no 
large calculus could be demonstrated in the region of 
the cystic duct. A drainage tube was inserted. No 
closure was made. 

Fresh pus obtained from the gall bladder was sent 
to the laboratory for culture. Aerobic cultures were 
made in tryptose-phosphate broth, on blood agar 





_ Fig. 4. Case 1. One day before operation there is an 
increase in the area of involvement and the size of the gall 
bladder with less sharp definition of its outline. 


plates and in Endo’s medium. Anaerobic cultures 
were made on blood agar plates and in thioglycollate 
medium. Particular search was made for Clostrid- 
ium perfringens, litmus milk being used, but its 
presence could not be detected. Streptococcus fe- 
calis, an aerobic and facultatively anaerobic organ- 
ism which does not produce gas was isolated and 
identified after growth in milk, in 2 per cent and in 
6 per cent saline media. An aerobic and facultatively 
anaerobic member of the paracolon group related to 
Escherichia coli was isolated and identified by cul- 
tivation on Kligler’s medium, the usual sugars, milk, 
the tests for indol production, the reduction of ni- 
trates to nitrites, Voges-Proskauer reactions and the 
utilization of citrate. Gram-negative nonspore pro- 
ducing anaerobic rods belonging to the Bacteroides 
group, which produced no gas in sugar, milk, or 
blood serum media were found after repeated thio- 
glycollate cultures. None of the three types of bac- 
teria found was by itself a gas producer. Whether a 
combination of these organisms could produce gas 
commensally is not known. 

After operation, the drainage was first purulent, 
later serous. Occasionally small calculi of the same 
type as those seen at operation were extruded. No 
bile drainage occurred at any time. The drainage 
tube was removed on the eleventh postoperative day, 
and the patient was discharged from the hospital on 
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Fig. 5. Case 2. The gall bladder is elongated and dis- 
tended and contains many medium sized nonopaque stones 
which are visualized by contrast with the gas in the lumen 
of the gall bladder (arrows). The wall of the gall bladder is 
visualized by a thin zone of pericholecystic gas. 


the thirteenth postoperative day. The wound healed 
rapidly to an opening 1 centimeter in diameter and 
remained in this condition for a number of days. On 
December 6, a piece of necrotic tissue was seen pro- 
truding through this opening. When traction was 
made on this tissue, the necrotic cast of the gall- 
bladder wall was easily and painlessly extracted. 
The lumen still contained several small calculi. In 
another week the wound was completely healed, and 
the subsequent course has been uneventful. 

CasE 2. M. B., white, female, aged 57 years, a 
patient of Dr. C. H. Kilker, was admitted to the 
Missouri Baptist Hospital on February 20, 1947, 
with an admission diagnosis of acute cholecystitis. 
For several years she had had recurrent attacks of 
epigastric distress, nausea and vomiting, aversion to 
fatty and fried foods. There was also a tendency to 
constipation and a recent weight loss over several 
weeks of 20 pounds. During the previous 3 weeks 
the attacks had been located more in the right upper 
quadrant than in the epigastrium and had become 
increasingly severe and frequent. The attack for 
which she was admitted was of 2 days’ duration. 
It was the most severe one and was accompanied 
by vomiting. 

Physical examination disclosed a middle aged 
woman in considerable distress from abdominal pain. 





Fig. 6. Case 2. In this roentgenogram the gall blad- 
der is smaller; the pericholecystic gas infiltration is more 
marked especially near the neck of the gall bladder (ar- 
rows). The calculi and gall bladder wall are less dis- 
tinct. 


The rectal temperature was 1o1 degrees and the pulse 
rate go per minute. There was marked tenderness, 
rigidity, and rebound pain in the right upper quad- 
rant and epigastrium. A smooth tender mass moving 
with respiration, suggestive of the gall bladder, could 
be made out. 

Urinalysis was negative; white blood cells num- 
bered 15,600. Differential count revealed: baso 
philes, 0; eosinophiles, 0; myelocytes, 0; juvenile 
form, 0; stab form, 29; segmented form, 57; lymph- 
ocytes, 14; monuclears, o. Kahn reaction, negative. 

A roentgenogram taken February 21, the day after 
admission, showed an elongated gall bladder dis- 
tended with gas. The wall was easily identified by a 
thin zone of pericholecystic gas and in the fundus 
multiple shadows suggestive of calculi were present 
(Fig. 5). The patient received 30,000 units of peni- 
cillin intramuscularly every 3 hours. No sulfona- 
mides or gas gangrene antitoxin were administered. 
A high carbohydrate diet was well tolerated. Con- 
siderable improvement in the general condition was 
noted, and the local tenderness and rigidity de- 
creased, although the gall bladder remained enlarged 
and tender. On February 22 the roentgenogram 
showed essentially the same findings. X-ray exam- 
inations were repeated on February 27, following the 
administration of dye. No dye entered the gall blad- 
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der, but the organ was again visible by virtue of its 
distention with gas. The calculi and gall-bladder wall 
were less distinct, and some escape of gas into the 
pericholecystic area could be made out (Fig. 6). The 
penicillin was discontinued on February 26. Because 
of the persistently enlarged and tender gall bladder 
it was decided to perform surgery. On March 3, 
under cyclopropane and curare anesthesia, the abdo- 
men was entered through and upper right rectus, 
muscle-splitting incision. The gall bladder was ob- 
scured by an adherent mass of omental and intestinal 
adhesions, lysis of which allowed the escape of gas 
probably trapped outside the gall-bladder wall. The 
gall bladder was tense, acutely inflamed, and its wall 
presented small gangrenous patches through which 
the gas had apparently escaped, but no gross per- 
foration was visible. Its removal offered considerable 
difficulty, and there was spillage of pus and medium- 
sized faceted calculi together with escape of gas from 
the lumen. During removal a calculus was dislodged 
from the region of the cystic duct. Pus was collected 
for bacteriologic studies. Sulfathiazole crystals were 
sprinkled into the area and the abdomen was closed 
in layers without drainage. 

Identification of the organism proved most diffi- 
cult. Numerous cultures and subcultures were made 
in a wide variety of media, and after several months’ 
study the organism was identified as Clostridium 
filiforme. This clostridium is occasionally present in 
human stool, but information as to whether it has 
been recovered from the human gall bladder is not 
at hand. It is an obligate anaerobe, closely related to 
Clostridium perfringens, which produces terminally 
or subterminally round spores, which do not cause 
swelling of the organism. Its hemolytic properties 
vary. It produces acid and gas from dextrose and 
lactose, although saccharolytic powers are limited. 
Since no other organism was detected, it is assumed 
that Clostridium filiforme was the gas-forming or- 
ganism in this case. 

After operation, penicillin was again given for a 
week. Sodium sulfadiazine, 6 grams daily, was ad- 
ministered intravenously from March 5 to March 7. 
There was profuse purulent drainage for several days, 
but this diminished gradually. On March 13 the 
drain was removed. By March 25 the wound had 
completely healed and the patient was discharged. 

Chart 1 is a graphic representation of the 
clinical course of the two cases. 

DISCUSSION 

An appraisal of the cases of acute pneumo- 
cholecystitis brings forth a number of interest- 
ing facts (Table I). All the patients but one 
were male, a circumstance which none of the 
associated data seems to explain. In most of 
the cases the condition occurred in the sixth 
and seventh decades of life, but in 2 it occurred 
in the fourth decade. One would suppose, in 
consideration of the usual picture of gas bacil- 


lus infections elsewhere, that acute pneumo- 
cholecystitis is a fulminating and invariably 
fatal disease. This was not true, except in the 
case of Del Campo and Otoro. The composite 
picture is one of persistent acute upper ab- 
dominal pain, usually after previous attacks 
of pain associated with the gall bladder. The 
temperature is elevated but not to a high de- 
gree. Tenderness and rigidity are prominent 
features, and, when the rigidity permits, the 
gall bladder and occasionally the liver edge 
can be felt. When icterus is present, it is not 
marked. This picture of acute inflammation 
of the gall bladder is not unlike that of other 
cases of acute cholecystitis or empyema of the 
gall bladder. In fact, there is little to indicate 
how cases of acute pneumocholecystitis can be 
distinguished without roentgenology from the 
general run of acute gall bladder infections 
without the presence of gas in the gall bladder. 
There is, however, a tendency for the inflam- 
matory signs to persist, and failure of the 
attack toresolve would lead one to consider the 
development of gangrene and _ perforation, 
complications which certainly do not depend 
upon the existence of a gas infection. It is 
evident therefore, that the presence of gas in 
an acutely inflamed gall bladder is an inci- 
dental finding, although, as will be shown, 
its presence makes for additional problems. 

In evaluating the significance of the réle of 
gas in acute pneumocholecystitis, certain con- 
siderations of etiological importance in ordi- 
nary cases of acute cholecystitis should be 
discussed. There is now rather universal 
agreement that a prime etiologic factor is 
obstruction at the outlet of the gall bladder 
(4, 22). Berk reported that blockage of the 
outlet of the gall bladder by calculi was found 
in over g2 per cent of the cases of acute 
cholecystitis collected from the literature. 
Other causes of obstruction have been noted, 
for example angulations and kinks at the 
junction of the cystic duct and gall bladder, 
anomalous cystic blood vessels, adhesions and 
fibrosis, periduodenitis, enlarged lymph nodes, 
etc.! That obstruction alone generally does 

1To explain those rare cases of acute cholecystitis in which no 
obstruction is found, some have postulated the reflux of pancre- 
atic enzymes which upon becoming activated by bile produce 


inflammatory changes of the gall bladder (3). A possible mecha- 
nism for this reflux has been demonstrated experimentally (9). 
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not lead to acute cholecystitis seems well 
established. Womack and Bricker found no 
evidence of cholecystitis after occlusion of the 
cystic duct in dogs, if the bile imprisoned 
within the gall bladder was replaced by saline. 
They demonstrated that the components of 
bile itself were partly responsible for the pro- 
duction of acute cholecystitis. The evidence 
is overwhelmingly against the primary réle of 
bacteria in acute cholecystitis. Bacteriologic 
studies of normal and diseased gall bladders by 
Andrews and Henry; Eliason and Stevens; 
and others conclude that at least 50 per cent 
of gall bladders of all types, normal, chronic- 
ally inflamed, acutely inflamed, with or with- 
out calculi, contain no culturable bacterial 
flora. The remainder of the cases contained a 


bacterial flora of varying richness and variety, 
a flora which frequently bears a close resem- 
blance to that of the intestine, indicating per- 
haps reflux communication between the intes- 
tine and the biliary tract.’ The cases of acute 
pneumocholecystitis presented here show a 
similar lack of uniform bacterial flora (Bacter- 
iological studies in these cases were supervised 
by Dr. Moyer Fleisher). While the bacteri- 
ological studies leave much to be desired, 
sufficient studies have been done to indicate 
that these cases have been associated with a 
variety of organisms, aerobic, anaerobic, fac- 
ultatively aerobic, ‘‘atypical Bacillus welchii,”’ 
“anaerobic spores,” etc. In the cases in which 


1It must be concluded that the Clostridium filiforme recovered 
from Case 2 originated in the intestine. 
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studies have been directed to the presence 
of gas-forming organisms, Clostridium per- 
fringens has been looked for but seldom 
seen, in spite of the fact that recognition of 
the organism poses no inordinate problems. 
It is likely then that the infections of the 
gall bladder which produce gas are rarely 
associated with Clostridium perfringens, but 
instead with other gas-forming organisms. 
Another inference is that the development of 
acute cholecystitis in these cases occurs inde- 
pendent of the bacteria present, and the for- 
mation of gas is a rare complication which 
depends upon the presence of a gas-former 
within the gall bladder at the time, and, more 
important, upon conditions enhancing their 
gas-producing potentialities. That these poorly 
understood conditions are important can be 
adduced from the fact that many acute gall 
bladders contain Clostridium perfringens and 
other gas-forming organisms without produc- 
ing gas. 

It might be argued that the cases of Schmidt 
and one of Stevenson’s cases (17), lacking 
surgical confirmation, should not be included 
in this group of cases. This poses the question, 
does the finding of gas in the gall bladder indi- 
cate an acute pneumocholecystitis? Not usu- 
ally. Perhaps an even more common cause of 
gas in the gall bladder is a fistula between this 
organ and the gastrointestinal tract. It should 
also be noted that gas may accumulate in the 
gall bladder as well as in other organs in cases 
of generalized perfringens infection and as a 
postmortem change. If these possible sources 
are ruled out the finding of gas in the gall 
bladder accompanied by clinical evidence of 
acute cholecystitis must be considered indica- 
tive of acute pneumocholecystitis. 

The preoperative recognition of acute pneu- 
mocholecystitis presents certain problems in 
its management. The administration of poly- 
valent antiserum perhaps first comes to mind, 
and was employed in 2 cases of this series. Its 
effectiveness is open to question, as might well 
be expected where the gas-forming organism 
seems to play a secondary rdle. It is true that 
the patient to whom Stevenson gave it recov- 
ered without surgery, but so did Schmidt’s 
patient who received no antiserum. The pro- 
fuse use of antiserum in Case 1 of this report 
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seems to have little altered the course of the 
disease. The antisera available would prob- 
ably not be effective against most of these 
infections because of lack of specificity. More- 
over, the effectiveness of antisera for gas infec- 
tion in general has been subject to dispute 
(6). The sulfonamides and penicillin likewise 
were employed in some of these cases, and, 
while their effectiveness cannot be disproved, 
the course of the cases in which they were 
employed did not differ significantly from 
those in which they were not. Here, too, these 
therapeutic agents have not been especially 
effective in gas gangrene (14). Roentgen 
therapy, used only by Stevenson, has yet to 
prove its effectiveness for acute pneumochole- 
cystitis as well as for ordinary gas gangrene. 

This brings us to the discussion of the surgi- 
cal therapy, which alone seems effective. Since 
acute pneumocholecystitis behaves for the 
most part as do other types of acute cholecy- 
stitis, the first impulse would be to treat the 
two conditions alike. Unfortunately, there is 
considerable disagreement as to the correct 
management of acutely infected gall bladders; 
some prefer emergency cholecystectomy in the 
hope of avoiding the complications of gangrene 
and perforation and of decreasing the morbid- 
ity and mortality rates, while others choose a 
more conservative course, delaying surgery 
until complications are imminent or until a 
quiescent period occurs. It is not within the 
scope of this discussion to present the argu- 
ments on either side of this controversy, but 
it should be mentioned that we employ either 
early or delayed surgery in our cases, attempt- 
ing to follow a course which seems best suited 
for the particular case at hand. Cases of acute 
pneumocholecystitis could presumably be 
handled similarly, were it not for the fact that 
the mechanics of gas production considerably 
alter the situation. While the element of in- 
fection is not significantly different, there can 
be little doubt that the gall-bladder walls are 
subject to greater tension when gas is present 
and consequently to an increased risk of gan- 
grene and perforation. The tendency for the 
wall to become necrotic and for gas to escape 
into the pericholecystic tissues, so frequently 
demonstrated in this series, indicates a much 
greater incidence of complications than in non- 
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gas-producing infections. Accordingly, the 
demonstration of gas in an acutely inflamed 
gall bladder should strongly favor a decision 
for early surgery, even emergency surgery. 
The procedure of choice would seem to be 
cholecystectomy, particularly in the first 
stages of inflammation. Experience with sev- 
eral of these cases has demonstrated that 
spillage of pus locally in the peritoneal cavity 
has been well tolerated. Cholecystostomy may 
be and has been judiciously used when condi- 
tions preclude removal of the gall bladder. 
Accidental spillage of gall-bladder contents 
during operation should not be unduly feared. 

Those who have had the opportunity to 
treat cases of acute pneumocholecystitis have 
done so with considerable apprehension. The 
facts do not indicate that this anxiety is justi- 
fied to a much greater degree than in other 
cases of acute cholecystitis. True, no group 
of cases bearing a mortality rate of 20 per cent 
can be dismissed lightly. The causes for the 
fatalities, however, are interesting. One death 
was proved to be due to pulmonary embolism, 
a complication not necessarily associated with 
the gas infection. The other death was the 
only case from which Clostridium perfringens 
was recovered. This patient showed involve- 
ment of other parts of the biliary system and 
remote organs, facts which cast some doubt on 
the validity of including it in this series. The 
favorable outcome of the other cases contra- 
dicts the conclusion of Walters and Snell that 
gas infection of the gall bladder usually termi- 
nates fatally. 

Pneumocholecystitis can be differentiated 
from the usual variety of acute cholecystitis 
only by the roentgenogram. While the chole- 
cystogram is not indicated in acute cases, the 
scout film of the gall-bladder area will aid in 
identifying this unusual type of infection. 
More general use of the plain film in clinical 
cholecystic disease may uncover many more 
cases of pneumocholecystitis than have been 
recognized previously and prepare the surgeon 
for a more intelligent approach to the distinc- 
tive problems which this condition presents. 


SUMMARY 


Eight cases of acute pneumocholecystitis 
have been collected from the literature and 
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reviewed. Two additional cases diagnosed 
preoperatively are added to the literature. 

By pneumocholecystitis is meant acute in- 
fection of the gall bladder characterized by the 
production of gas within the gall bladder. 
Pericholecystic infiltration with gas may or 
may not be present. 

Necrosis of the gall bladder with perforation 
is a frequent finding. However, the virulence 
of the infection is relatively less than in gas 
bacillus infections elsewhere in the body. 

Bacteriologically, no constant distinctive 
organisms are demonstrable. 

Surgical therapy alone is effective since the 
gall-bladder wall is subject to greater tension 
when gas is present and there is a consequent 
greater risk of gangrene and perforation. 

Polyvalent gas antiserum, sulfonamides, 
penicillin, and roentgen therapy are of ques- 
tionable value in the management of acute 
pneumocholecystitis. 

Routine scout films of the gall-bladder area 
in clinical cholecystic disease will aid in the 
recognition of this distinctive form of acute 
cholecystitis. 
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THE SURGICAL TREATMENT OF CHRONIC 
FISSURE 





ROBERT TURELL, M.D., New York, New York 


HRONIC anal ulcers (fissures)! are us- 
ually found in the posterior arc of 
the anal canal although they may 
occur in other parts of the anal out- 

let. This lesion is invariably associated with 
adjacent and subjacent induration and in- 
flammation, infection or inflammation of the 
preformed anal ducts, anal glands, and anal 
crypts. Spasm (dysfunction) and fibrosis of 
the subcutaneous component of the external 
anal sphincter muscle also are frequently en- 
countered. A sentinel pile and fibroepithelial 
polyps (hypertrophied papillae) frequently ac- 
company chronic anal ulcers (Figs. 1 and 2). 
In agreement with Morgan I ascribe the pre- 
valence of anal ulcers in the posterior aspect 
of the anai canal to the preponderance of anal 
crypts and the consequent greater likelihood 
of infection in this anatomic area (5). 

An attempt has also been made to explain 
the pathogenesis of anal ulcer on the basis of 
the peculiar anatomic arrangement of the 
various components of the external anal sphin- 
cter muscle (1) and to the anatomic relation- 
ship of the posterior anal wall to the posterior 
rectal wall (2). The superficial component of 
the external anal sphincter muscle has a Y- 
shaped origin and insertion; it lies above and 
external to the subcutaneous component 
which is an unsupported circular muscle sur- 
rounding the anal canal. Thus the subcutan- 
eous portion of the external anal sphincter 
muscle lies like a bar across the crook of a Y 
and is, according to Blaisdell (1), subject to 
frequent defecatory trauma; this subcutan- 
eous sphincteric component has no influence 
upon anal incontinence. Buie pointed out that 
because the junction of the posterior walls of 
the rectum and anus forms a right angle the 
sphincteric muscle is vulnerable to trauma 
which is produced by the weight of the fecal 
mass. 


‘Regarding the use “anal ulcers’? and “anal fissures,’ these 
terms ate used interchangeably in this article. 
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The treatment of chronic anal ulcer is al- 
ways surgical. In this paper a rational opera- 
tive procedure, based on the experience ob- 
tained in civilian and military practice in the 
treatment of 270 patients, is described and 
illustrated. The operation comprises wide ex- 
cision of the ulcer-bearing area, the extirpa- 
tion of the involved anal crypt or crypts with 
the sentinel pile and polyps, and the perfor- 
mance of a posterior sphincterotomy (Figs. 1, 
3, 4, 5, and 6). The accompanying drawings 
are based on sketches made by the artist in 
the operating room. 


PREOPERATIVE MANAGEMENT 


The patient is admitted to the hospital some 
12 hours prior to operation. The perineal and 
perianal regions are shaved and washed with 
soap and water. The dorsolumbar portion of 
the back is also shaved, washed with soap and 
water, painted with a tincture containing 3 
per cent of iodine, and covered with a sterile 
towel which is held in place by means of ad- 
hesive plaster. The intestinal preparation con- 
sists of a saline enema given 6 to 8 hours be- 
fore operation. 

Suitable sedation consists of the oral ad- 
ministration of a drug of the barbiturate 
group. Usually a long-acting barbiturate, 
such as phenobarbital, in a dose of 0.090 gram 
(1% grains) is given orally about 8 to 12 hours 
before operation, and a short-acting barbitu- 
rate, such as pentobarbital sodium (nembu- 
tal) or sodium propylmethylcarbinyl allyl 
barbiturate (seconal), is administered in doses 
of 0.090 gram (11% grains) 1 to 2 hours before 
the scheduled time of the operation. Mor- 
phine sulfate, 0.011 to 0.016 gram (% to % 
grain), or demerol hydrochloride, 0.100 gram 
(1% grains), with atropine sulfate, 0.00043 
gram (1/150 grain), or scopolamine hydrobro- 
mide, 0.00032 gram (1/200 grain), is admin- 
istered subcutaneously 60 to go minutes before 
the patient leaves for the operating pavilion. 
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Fig. 1. The sentinel pile with the ulcer and the delinea- 
tion of the incision in the posterior arc of the perianal area. 
Fig. 2. The anal ulcer with the associated anal crypt, 
sentinel pile, and fibroepithelial polyp (papilla). Note the 
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component parts of the external anal sphincter muscle. 
(Also see Fig. 7). 

Fig. 3. The dissection of the ulcer-bearing tissues with 
associated involved anal structures. 








tissue with anal mucosa mucosa 
¢rypts excised approximated approxir 3 
Fig. 4. Fig. 5. Fig. 6. 


Fig. 4. The application of the crushing clamp to the 
mucosal pedicle well above the pectinate line. 

Fig. 5. Incision in the midline posteriorly of the sub- 
cutaneous portion of the external anal sphincter muscle 


ANESTHESIA 


The anesthetic of choice is one that will 
produce the best relaxation of the muscles of 
the anal canal and perineum. My choice is 
spinal anesthesia produced by 5 to 6 milli- 
grams of pontocaine hydrochloride (dimethyl- 
aminoethyl-p-n-butylaminobenzoate hydro- 
chloride) in 1 to 2 cubic centimeters of spinal 
fluid or 25 to 50 milligrams of procaine hydro- 
chloride crystals dissolved in 1 cubic centi- 
meter of spinal fluid which are injected be- 
tween the third and fourth lumbar vertebrae. 
Saddle block anesthesia confined to the peri- 
anal and perineal areas may be effected by 
keeping the patient in the sitting position for 
about 30 seconds after the completion of the 
intraspinal injection. The incidence of post- 
spinal headaches has been reduced by employ- 
ing small puncture needles (22 to 25 gauge), 


(classical posterior sphincterotomy). 

Fig. 6. Excision of a part of the subcutaneous portion 
of the external anal sphincter muscle (modified posterior 
sphincterotomy). 


by keeping the patient in a horizontal position 
for from 8 to 24 hours after operation, and 
by hydration. If headaches do occur, they 
can be relieved by hydration through paren- 
teral and enteral routes with 2,000 to 3,000 
cubic centimeters of 5 per cent dextrose solu- 
tion with or without saline. The administra- 
tion of the sodium salt of niacin also has been 
suggested, but its efficacy remains to be 
proved. This vitamin is given intravenously 
in doses of 100 milligrams (about 2 grains) 
and repeated if necessary; this substance also 
may be administered orally in doses of 200 to 
400 milligrams (4 to 8 grains) 3 to 4 times 
daily with hydration. 

Caudal and transacral block anesthesia also 
may be employed; this is an effective but a 
difficult and time-consuming procedure even 
in the hands of an expert anesthetist. Be- 
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cause of the simplicity of execution and the 
promptness of anesthesia, I prefer spinal to 
caudal transacral anesthesia. Inhalation an- 
esthesia, usually cyclopropane, is employed 
only when the patient is apprehensive or re- 
fuses other types of anesthesia. 

With the employment of the technique to be 
described it has been unnecessary to utilize 
the long-acting ‘‘anesthetic”’ solutions for the 
avoidance of postoperative pain. The use of 
these drugs also has been avoided because they 
do not afford an anesthetic effect in many in- 
stances and because they may produce an 
aseptic inflammatory reaction of the tissues 
into which they are injected eventuating in 
suppuration and necrosis. In many cases there 
occurs a delay in the healing process of the 
wound and an increase in scarring. 

TECHNIQUE 

After induction of anesthesia, the patient is 
placed in the proper position on the abdomen 
and the operating table is adjusted so that a 
modified jackknife inverted position is ob- 
tained. 

It is my unfailing practice to perform an 
anoproctosigmoidoscopic examination prior to 
the admission of the patient to the hospital 
except in the presence of very painful lesions 
such as the condition under discussion. In 
instances such as this the complete procto- 
logic survey is carried out after anesthesia 
has been induced. 

With the patient in the inverted position, 
the operative field is cleansed with alcohol 
and painted with tincture of alkyldimethyl- 
benzylammonium chlorides (zephiran chlo- 
ride). 

With a retracting operative anoscope in the 
anal canal, a gauze sponge to which a long 
piece of silk suture material is tied is placed 
in the rectum well above the proposed opera- 
tive site and is anchored to the outside by 
means of a forceps, and a pyramidal incision 
in the perianal skin is made (Fig. 1). Its 
summit usually extends about 2 centimeters 
from the anal verge and ends about 1 centi- 
meter above the pectinate line (mucocutan- 
eous junction). Laterally the incision is made 
about 0.5 centimeter away from the ulcer- 
bearing area and the sentinel pile (Fig. 3). 


SURGERY, GYNECOLOGY AND OBSTETRICS 


















The ulcer-bearing region and the subcutan- 
eous tissues are dissected free. The subcutan- 
eous component of the external anal sphincter 
muscle is exposed and visualized (to be dealt 
with subsequently), and the dissection is con- 
tinued, and the integument of the anal canal 
and the rectal mucosa is freed for a distance 
of about 1 centimeter above the pectinate 
line (Fig. 3). This rather wide dissection is 
done in order to facilitate the excision not 
only of the ulcer-bearing tissues, but also the 
sources and channels of infection. A Smith 
crushing clamp is then applied to the mucosal 
pedicle radially in the long axis of the anus, 
and the diseased tissues are excised. The 
mucosal pedicle may be dealt with in one of 
several ways, two of which are herewith de- 
scribed: (1) interrupted number zero chromic 
catgut sutures (the exact number varies with 
the size of the pedicle) are introduced under 
the clamp and are tied after the clamp is re- 
moved and the crushed portion of the mucosa 
excised (Figs. 5 and 6); (2) a continuous chro- 
mic catgut suture is placed beneath the tip 
of the clamp and tied. This suture is then 
looped several times around the shank of the 
clamp. After the latter is released and re- 
moved the loose suture is pulled up and tied. 
The mucosal stump may be anchored to the 
submucosal tissues in the level of the pectinate 
line; however, this maneuver is usually un- 
necessary. 

The subcutaneous portion of the external 
anal sphincter muscle, which in many in- 
stances of chronic anal ulcer is fibrosed and in- 
durated, is now incised in the right angle of its 
fibers (Fig. 5). If considerable fibrosis exists 
I excise a small part of this muscle, as shown 
in Figure 6, in order to prevent early reappo- 
sition of this muscle and insure ample drain- 
age which in turn promotes better restitution 
of the inflamed anorectal tissues. This modi- 
fied sphincterotomy has been performed in 
over 100 cases with gratifying results. 

Associated pathologic anorectal lesions, 
such as infected anal crypts or fibroepithelial 
polyps situated in other parts of the anal 
canal, may be excised. Except for hemor- 
rhoids situated close to the ulcer, I prefer not 
to remove concomitant hemorrhoids as these 
frequently recede after excision of the ulcer. 
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Fig. 7. (Also see Fig. 2). The component parts of the external anal sphincter 
muscle. The subcutaneous portion is the most superficial. Since it does not influence 
anal incontinence, the severance of its continuity may be effected safely. 


Hemostasis may be secured by gentle pres- 
sure with gauze, or by clamping the bleeding 
points with small artery forceps and tying 
them with double zero plain catgut. In addi- 
tion, the new hemostatic agents, such as the 
gelatin sponge (with or without thrombin) or 
oxidized cellulose, may be applied to the 
wounds (4). I still prefer the use of the gela- 
tin sponge to oxidized cellulose because the 
latter produces local annoying discomfort for 
a period of 12 to 18 hours after operation 
has been performed. 

At the conclusion of the operation the 
wounds and the rectum are inspected. The 
gauze sponge placed in the rectum at the 
beginning of the operation is now gently re- 
moved. This gauze had served as a barrier 
against blood clots which may cause post- 
operative tenesmus if not removed. If the 
biologic hemostatic agents just alluded to are 
not utilized, then either a narrow strip of 
vaselinized gauze or a small-sized Penrose 
drain is left indwelling in the anal canal. 


POSTOPERATIVE COURSE 


The immediate postoperative convalescence 
is smooth and uneventful. Pain is controlled 
by the administration of an analgesic, such 
as morphine sulfate or demerol, in the same 
doses as given preoperatively. Parentheti- 


cally, over 40 per cent of these patients do 
not require narcotic analgesics postoperative- 
ly. Acetylsalicylic acid, 0.300 to 0.600 gram 
(5 to 10 grains), with or without phenobarbi- 
tal, 0.030 gram ('% grain), is prescribed rou- 
tinely in order to avoid possible postopera- 
tive anxiety. 

Catheterization is practiced whenever the 
patient has suprapubic pain and is unable to 
urinate in the standing position out of bed 
regardless of the time interval between cathe- 
terizations. It frequently is necessary to re- 
catheterize patients within 2 to 3 hours; at 
times even larger amounts of urine may be 
obtained at subsequent than at the initial 
catheterization. Catheterization is usually re- 
quired in less than 25 per cent of patients. I 
do not share the opinion that spinal anesthe- 
sia is the sole cause of the patient’s inability 
to urinate. Rather, I attach more signifi- 
cance to the reflex inhibitory action produced 
by the operative manipulation of the tissues 
and their innervation which are in close ana- 
tomic proximity to the bladder neck. 

Some time after a lapse of 48 hours, the 
gauze packing or Penrose drain is removed. 
It is, of course, unnecessary to remove the 
hemostatic agents as these disintegrate or be- 
come absorbed spontaneously in 3 to 5 days. 
The wound is inspected daily. 
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A liquid or soft diet with a liberal intake of 
fluids is given during the first 24 postoperative 
hours. Thereafter a full house diet which is 
supplemented by several bananas daily is al- 
lowed. Liquid petrolatum in doses of 15 to 
20 cubic centimeters (14 ounce) is given night- 
ly until the wounds are completely healed. 
Usually a bowel movement occurs between 
the second and fourth postoperative day when 
the patient is discharged from the hospital. 

A digital examination with the little finger 
is made between the fifth and the seventh 
postoperative days. Thereafter, this proce- 
dure, the index finger being used, is repeated 
about once in 5 days to control the rate of 
healing and to break up any bridging that 
may occur. Complete healing of the wound 
usually occurs within 3 to 4 weeks with a 
resultant soft and pliable scar. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Occasionally, probably the result of inade- 
quate supervision, there may develop dead 
space with low grade infection, resulting in a 
sinus or fistulous tract. This complication oc- 
curred twice in the series of operations which 
is presented herein. 

SUMMARY 

A successful surgical procedure for the ex- 

tirpation of chronic anal ulcer as well as the 


preoperative and postoperative management 
is described and illustrated. 
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REPAIR OF HYPOSPADIAS WITH FREE INLAY SKIN GRAFT 


FORREST YOUNG, M.D., F.A.C.S., and JOHN A. BENJAMIN, M.D., Rochester, New York 


T has seemed to us in general that re- 
pair of hypospadias has been done at 
too late an age. Ideally, repair of all con- 
genital deformities is better done in early 

childhood and hypospadias is no exception. 
Not only is fixation of the physical deformity 
prevented but psychic difficulties are avoided 
if repair is done early. 

It is probable that repair of hypospadias has 
been delayed because the small penis of early 
childhood is not well suited to the flap type of 
repair most generally used. For this reason 
we have reviewed the older methods with the 
idea in mind of selecting a principle of repair 
which could most nearly meet the require- 
ments of first providing an adequate repair in 
few operative steps and secondly be practical, 
early in childhood. 


HISTORICAL BACKGROUND 


The repair of hypospadias, we believe, still 
remains a problem of considerable magnitude 
judging from the great number of procedures 
which have appeared in the literature. This 
is substantiated by an article by Cecil in which 
he lists 556 references and this list probably 
does not include all published works on hypo- 
spadias. But on analysis, there are probably 
no more than seven surgical principles which 
have been reported in the past. These can be 
divided into two major groups: flap repair and 
free graft repair. 

Chronologically these are: 

A. Construction of urethra with flaps 
1. Dieffenbach 1837-45 
2. Thiersch-Duplay 1869-74 
3. Rochet 1899 
4. Bucknall 1907 
5. Ombrédanne 1911 
B. Construction of urethra with free graft 
1. Nové-Josserand 1897-1914 
2. Miscellaneous methods 1909-27 

In deciding upon a method, the surgical 

principles in the past have been thoroughly 
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reviewed. Modifications of these fundamental 
principles have been made but they are so 
numerous that they could only be considered 
in a more detailed treatment of the subject. 
They can be summarized as follows: 


A. Construction of urethra with flap— 
1. Dieffenbach, 1837-45 (translation). ‘Building 


of a tunnel by transplantation. When no duct is in 
existence and the urine goes out of an opening in the 
back part of the penis, then one makes a new canal 
of skin. One takes a fold of skin on each side of the 
penis and draws it together over the place where the 


urethra should be situated. Here one sews the edges 


of the skin folds together with a straight needle and 
a strong thread lengthwise in the manner of a tunnel. 
Thereupon one makes an incision on both sides of the 
penis through the skin in order to relieve the tension, 
and finally one cuts the edges of the skin folds sewed 


together over the passage seam one after the other 
with a sharp scissors, and draws the wound edge 
together by means of the continuous seam or a quan- 
tity of mounting pins (for insects) so that the epi- 


dermis will come in contact with epidermis. In order 


that the new canal may not interrupt the urine, this 
is led away through the old opening with a catheter. 
If the building of this interior canal by means of skin 
drawn over is successful, then it may be opened from 
the forepart and continued through the glans. If it 
has a crack, it will be healed by the bloody suture, 
and then the still closed skin canal will be opened by 
means of a probe being drawn from the front to the 
back, and a bougie drawn through the glans. The 
outer opening between the canal and the glans will 
be closed by spreading on Tinct. cantharidum. IU, 
however, the glans is imperforate, then one bores 
through it with a small trocar and draws into it the 
urethra. By means of a thick lead probe one tries to 
skin over the passage on the inside.” 

“‘Dieffenbach (balanic hypospadias). The perfora- 
tion of the closed glans is the least of these operations 


and the result is more sure. On the other hand this 
operation is doubtful when a longer canal is to be 


built. The operation proceeds in the following way. 
One braces the penis firmly and draws it in the same 
direction as the body, then one takes a trocar suited 
to the age of the patient, which is provided either 
with a silver or lead pipe into the glans which pro- 
vides constantly a dummy urethral opening on the 
under side of the penis along under the skin into the 
already existing canal of the urethra. Hereupon one 
draws the stylet out and leaves the lead pipe remain- 
ing. The treatment must be very aseptic, and espe- 
cially the cold wrappings which will be wound 
around. One exchanges the lead pipe later with a 
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Fig. 1. 


lead probe, by which one hardens the canal grad- 
ually.” 

2. Thiersch-Duplay, 1869-74. The procedure used 
for repair of epispadias has been applied to hypo- 
spadias. The first incision is made on the ventral 
surface close to the median line and the second in- 
cision is made more laterally on the other side and 
these are sutured together to form the urethra. This 
urethra is then covered by skin developed from the 
skin of the penis. In some cases the suture line is 
“staggered”’ to avoid having one suture line directly 
over the other one. 

Duplay, 1874. His method was similar to that of 
Thiersch for the repair of epispadias. He divided his 
surgery into three steps—correction of the deformity 
of the penis by transverse incision of the ventral 
shaft of the penis anterior to the meatal orifice and 
excision of the first segment of corpus spongiosum. 
Somewhat like that described by Mettauer in 1842. 


AND OBSTETRICS 


Reproduction of illustrations from Nové-Josserand (68). 


Duplay then closed the skin after the principle of 
Heineke-Mikulicz. He then constructed a new ureth- 
ral canal using skin flaps from the penile shaft and 
tunnelled through the glans as in the method of 
Dieffenbach. This new canal extends from the glans 
to the hypospadias opening, the third and last séance 
was the closure of the two parts, the new urethra 
proximally and the old hypospadias meatus. Ap- 
parently, 5 cases were cured, 1 penoscrotal and 4 
perineoscrotal. 

3. Rochet, 1899. Rochet used a flap taken from 
the scrotum with its base at the hypospadias meatus. 
This flap eliminates the fistula temporarily between 
the old and new urethra union. The catheter covered 
with scrotal skin is then inserted into a tunnelled 
canal. The edge of the graft is sutured to glans penis 
(not to the meatus in the end of the glans). The 
catheter is cut short so that each end barely pro- 
trudes from the new canal, and a snug dressing is 
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Fig. 2. (Case 8.) a, Mild penile type of hypospadias with the usual chordee. 
b, Chordee corrected. Skin on ventral surface lax and urethral orifice well off midline. 
c, Appearance of reconstructed meatus. d, Five year old child voiding through re- 
constructed urethra. 


applied. A retained catheter is used to draw off the 
urine. The catheter holding the graft is removed in 
8 days, and 5 days later the passage of sounds is 
begun and continued for 3 weeks. 

4. Bucknall, 1907. Penis is drawn up over the 
abdomen and scrotum is pulled downward between 





the thighs. Incision is made on either side of the 
urethral area and the scrotal raphe. The two longi- 
tudinal flaps thus developed are sutured in such a 
manner as to bring the raw surfaces of the penile 
flaps into contact with the raw surfaces of the scrotal 
flaps and the penile shaft is flexed on the scrotum 
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Fig. 3. a, Urethral opening encircled by incision and 
dissected free proximally. b, Incision prolonged longi- 
tudinally to frenulum. c, Excision of fibrous tissue produc- 


and the flaps are sutured together. A small rubber 
tube is passed down the newly constructed urethra 
to the site of the hypospadias meatus, and this will 
drain off the urine. At the end of 4 days, the catheter 
is removed and after 3 to 4 weeks the second proce- 
dure can be carried out or delayed for a longer time. 

At the time of the second stage the penis and the 
new urethra are dissected off the scrotum and the 
scrotal skin edges are sutured together. Follow-up 
in 3 cases showed good results 4 years, 2 years, and 
3 years after operation. 

5. Ombrédanne, 1911. The urethra is constructed 
by a pedicle flap of skin taken from the ventral sur- 
face of the penis behind the meatus, to the posterior 
edge of which it is left unattached. This flap is 
turned forward by means of a pursestring suture so 
that its anterior end reaches the inferior surface of 
the glans where it forms the new meatus. The raw 
surface thus left is covered by buttonholing the hood 
and bringing it down over the ventral surface of the 
penis. The two lateral pedicles are divided later. 
This operation is said to obviate fistula formation 
but it leaves a pouch-like urethra, the dribbling from 
which after micturition is likely to be very incon- 
venient for the patient, especially when several 
stages are required to bring the urethra to the end 
of the penis, thus leaving a series of pouches, each of 
which may retain a little urine. 

B. Construction of urethra with free graft— 

1. Nové-Josserand, 1897-1914. This method will 
be considered in detail with a translation of his first 
article, “Treatment of Hypospadias: New Method” 
found in Lyon-médical, 1897, 85: 198-200. 

“Monsieur Nové-Josserand discusses a new treat- 
ment of hypospadias. 

“On a young man, 18 years old, afflicted with 
penoscrotal hypospadias on whom he had previously 


ing chordee. d, Skin shifted from dorsum utilizing prepuce 
and closure in multiple Z form to prevent later contracture. 
Urethral orifice displaced backward and off the midline. 


operated unsuccessfully with the Duplay procedure, 
he practiced the following operation: A transverse 
incision 2 millimeters long was made in front of the 
abnormal opening of the urethra; then in the sub- 
cutaneous cellular tissue uncovered in this way, is 
introduced a dull instrument which severs or decol- 
lates the loose subcutaneous tissue while proceeding 
toward the base of the glans and so creates on the 
under side of the sound or rod (sic) a subcutaneous 
canal, the anterior end of which one opens, perforat- 
ing it little by little with a trocar. 

“This canal being established, it becomes neces- 
sary to reinforce it internally with mucosa thus pre- 
venting it from closing on itself. For that, one cuts 
from the thigh after the manner of Ollier-Thiersch, 
a piece of flesh, dermoepidermic, about 2 centimeters 
wide and of a variable length depending upon the 
amount of urethra which it is necessary to recon- 
struct. This graft is rolled around a No. 16 probe in 
such a way that the cutaneous surface is inside to- 
ward the probe, the growing surface is on the outside, 
and the graft is fastened by two sutures at its ends. 
Then is introduced the probe clothed in the sub- 
cutaneous canal and the whole is kept in place by a 
convenient dressing. 

“At the end of 8 days, the probe is withdrawn; the 
graft has taken perfectly, so that there is a new sub- 
cutaneous double canal of skin for the whole length. 
Daily catheterizations are started to prevent con- 
tracture which in the first few days may cause some 
uneasiness. Now nearly 2 months after intervention, 
the result seems to have been achieved. The canal 
has remained permeable by a No. 15 probe, while 
during the first days it would admit only a No. 12; 
it is thus made supple and enlarged, and it is hoped to 
achieve still more in this manner. During erection, 
the shaft at first remained very curved but now 
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d 


Fig. 4. aand b, First step in urethral reconstruction, sound in place. c, Urethral 
opened rather high in perineum. d, Foley catheter in place. e, Wound closed snugly 


around Foley catheter. 


straightens out perfectly, and it would appear pos- 
sible soon to join the ends of the new canal with 
the old. 

“The results obtained are therefore satisfactory, 
and one may hope for even greater improvement. 
This is explained by the physiology of the Ollier- 
Thiersch grafts: at first they undergo a sufficiently 
strong retraction, but later, differing in this from 
scar tissue, they become capable of being made flex- 





ible and of yielding under the influence of traction 
methods. 

“This method of treatment appears applicable to 
all varieties of hypospadias, and it seems much pref- 
erable to all the other procedures in use today. The 
procedure of Duplay has had great success without 
doubt, but ordinarily one does not obtain success 
except at the cost of repeated interventions and re- 
buffs are not rare. The difficulties of insuring perfect 
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lig. 5. a, Incision to free urethra. Note zigzag scar 
following chordee correction. b, Tunnel made between skin 
and corpora, emerging through glans at meatal depression. 
Urethra retracted laterally. 


asepsis in this region, the twitchings inflicted on a 
thin and fragile skin by erections, explain why su- 
tures so often break either partly or entirely, in spite 
of the precautions taken. Al) the methods using cut 
pieces of flesh on the rod are subject to the same 
criticism. 

TABLE I.—-GIVES THE END-RESULTS REPORTED 
BY NOVE-JOSSERAND IN IQ14 


a Type of hypospadias Age | Result 
I Penile-scrotal 21 Fistula followed 1 year 
2 Penis | 5% | Good-fistula small-7 years 
3 | Perineal pseudoherma- | 12 Good-fistula small-7 years 
phrodite 
; Penile-scrotal | 514 Very good—followed 12 
| | years 
5 Perineal 6 6 years—canal good—ur- 
| | ine through fistula 
6 Penis 34 | Stricture 
7 Scrotal 14 | Good—7 year follow up 
8 Penis | 6 Good—7!2 years 
9 Penile-scrotal 5 | Good—6 years 
10 Penile-scrotal 7 Good—6 years 
II Scrotal 20 Good—6 years 
12 Penile-scrotal 13 | Stricture 
13 Penile 9 Good—s5'2 years 





Penis Fistula—4 years 
51 Penis (juxta-scrotal]) | 13% Good—3 years 
16 Penis 16 Stricture 
17 Penile-scrotal 34 Stricture 
| Perineal 7'2 | Good—18 months ea 
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Fig. 6. a, Free graft cut with dermatome from hairless 
anteromedial surface of upper arm. b, Graft fixed on cath- 
eter with dermatome cement. The two ligatures are to 
prevent rolling on introduction into tunnel. 


“The scrotal flap has also been used with success, 
but because it should be of certain length, it is ex- 
posed to mortification at least in part because of the 
comparative narrowness of the stalk. 

“In using the dermoepidermic graft one escapes 
all these inconveniences, and one succeeds in an 
infinitely simpler manner in creating a canal to which 
one may give, in the two senses, the dimensions one 
wishes. The observations of our patient demon- 
strates that the canal can persist and preserve its 
size; one is also permitted to hope that the tendency 
to contracture is practically conquered, it will be- 
come more and more flexible and will give a definitely 
perfect result.” 

2. Miscellaneous methods.—Some tissues used 
for urethral reconstruction: saphenous or some vein, 
Legueu (1921); ureter, Schmieden (1909); appendix, 
Weitz (1915), McGuire (1927), Axhausen (1918); 
vaginal mucosa, Legueu (1918). 





METHOD 
In reviewing these past procedures it ap- 
peared that the principle most applicable to 
children as well as adults and one which could 
be done in the fewest steps with the smallest 
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a c 
Fig. 7. a, Inlay graft in place. b, End of graft bearing catheter introduced into 
urethra. c, Graft and urethra approximated by suture. 





a b 


Fig. 8. a, Completed urethral reconstruction. Note suture lines do not 
coincide. b, Sagittal section showing relationships of catheter, ligatures, 
and suture lines. 


possibility of multiple fistula formation was ous operative steps, are difficult to do on a 
that of Nové-Josserand. All of the repairs tiny penis, and frequently result in multiple 
fistulas which may be worse than the original 


based on the principle of flaps involve numer- 
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a b 

Fig. 9. (Case 1.) a, An extreme pseudohermaphroditic 
deformity. The penis is completely adherent on its ventral 
surface. b, In this type of deformity the urethral orifice 


condition. It is probable that reconstruction 
of the urethra by a free skin graft has never 
been widely used; first, because urologists who 
mainly attend these conditions were not fa- 
miliar with the principles of skin grafting, and 
second, because as originally described the 
possibility of contracture of the constructed 
urethra was ever present. It is of interest that 
Nové-Josserand described free graft repair of 
hypospadias in 1897. The graft he used was 
an Ollier-Thiersch graft described and devel- 
oped from 1872-86 by Ollier and Thiersch. It 
is well known that the thin Thiersch graft has 
a high percentage of contracture. Despite this 
Nové-Josserand was able to obtain good re- 
sults in 9 of 18 cases which he reported in 1914. 

The principle has been sporadically used 
without much modification. In general the 
plan has been to construct a tunnel with a free 
skin graft around a catheter from the site of 
the urethral ending out through the glans. 
This tunnel is then kept open by repeated di- 
lations over a period of months. A good ex- 
ample of this without modification is the re- 
port by McIndoe in which the tunnel is dilated 
for some months. When it is finally judged 
past the contractile phase, an attempt is made 
to join the urethra to the tunnel by a second 


remains far posteriorly in the perineum when the penis is 
straightened. c, Final result. Good urinary stream 5 
years after urethral reconstruction. 


operation. As repeated dilations are difficult 
in small children, the operation as usually 
done is more applicable to adults, which is 
evidenced by McIndoe’s paper. 

As we know, skin grafts have greatly im- 
proved since Nové-Josserand’s day so that 
more uniform grafts with less tendency to 
contract are now available. In addition, the 
Foley indwelling catheter as well as chemo- 
therapy and antibiotic methods of controlling 
infection has been devised. All of these fac- 
tors caused us to believe that it was feasible 
to attempt to construct the urethra in one 
step even in small children. 


OPERATIVE PROCEDURE 


Correction of chordee. As in all reconstruct- 
ive procedures, a method gradually evolves 
and our experience is no exception. The steps 
reported are those which we are now using. In 
brief, we attempt to correct the chordee at one 
operation. This is done quite early; if the 
patient is seen in infancy, at about one year 


of age. In this respect most surgeons con- 
cerned with correction of chordee seem to 
agree. The advantages have been enumerated 
many times but for the sake of clarity they 
are: (1) The chordee should be completely 
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Fig. 10. (Case 2.) a, Conditions in which patient first 
presented himself. Chordee had been satisfactorily cor- 


corrected before the urethra is reconstructed. 
(2) Early correction of the deformity permits 
earlier urethral reconstruction. (3) Growth 
proceeds more normally. (4) Deformities in 
general are more easily corrected before they 
become fixed by growth. 

The objective of the first operation is to 
obtain a straight penis, with lax skin on the 
ventral surface, and if possible, a plan which 
will prevent recontracture to any extent. In 
addition we have found that it helps prevent 
fistula formation when the urethra is con- 
structed if the urethral orifice is off the mid- 
line (Fig. 2b). 

The first:step is to dissect free the urethral 
opening. This dissection is carried proximally 
depending on the extent of contracture. In 
any event one must be certain to excise all of 
the fibrous tissue which holds the penis in the 
curved position. The urethra is freed by a 
circular incision and the dissection freeing it 
is done with a sound in place. When the prox- 
imal extent of the fibrous band is located, the 
urethra is retracted out of the way with stay 
sutures and the band is dissected out, begin- 
ning proximally. The skin is incised from the 
circular opening to the frenulum and dissected 
free on either side, thus exposing the contrac- 
ture. The dissection of the band proceeds 
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b c 


rected elsewhere. b, Ventral view following urethral recon- 
struction. c, Reconstructed meatus in glans. 


along the corpora cavernosa and must be quite 
close to it. In some instances, Buck’s fascia 
seems contracted and in order to secure com- 
plete straightening of the shaft must be cross- 
cut. At this stage the corpora cavernosa are 
plainly seen. The urethral orifice has dropped 
backward, and it should be possible to hyper- 
extend the penis without any ventral tight- 
ness. Once the deformity has been corrected 
one must attempt to prevent postoperative 
scar contracture causing a partial return of the 
deformity. If the skin of the penis is closed 
longitudinally as in the Heineke- Mikulicz prin- 
ciple, this is almost sure to happen. To avoid 
this, the closure is staggered in multiple fash- 
ion by imbrication of triangular flaps. The 
most proximal of these is made so that the 
urethral opening is displaced from the midline. 
At the extreme distal end of the shaft skin 
may be deficient and, if so, skin is brought to 
the ventral surface from the hood. This is 
accomplished by making a dorsal slit in the 
hood, dissecting off and discarding the mucosal 
surface, and transplanting the halves of the 
hood skin to the ventral surface of the shaft 
(Fig. 3). (We have in some instances used the 
preputial mucosa for the urethral graft, but 
in most cases there is not enough present for 
the full length of the urethra.) The glans 











penis is sutured to the abdominal skin in ex- 
tended position, an indwelling catheter is 
introduced through the urethral opening to 
the bladder to prevent urine flowing over the 
suture line, and a compression dressing is ap- 
plied over the penis to prevent edema and 
possible hematoma formation. This dressing 
is left 5 to 7 days. The catheter is removed 
when the wound is well healed, usually in about 
g to 10 days. The suture is released from the 
abdominal wall at about the same time. In 
all children it is imperative that the child be 
in bed with the extremities restrained. We 
have not found that erections are particularly 
troublesome in either children or adults when 
a compression dressing is used and have not 
used any specific medication in attempt to 
prevent them. 
CONSTRUCTION OF URETHRA 

A varying period of time must now elapse 
for the tissues to soften thoroughly before the 
urethra is constructed. The minimum time is 
usually about 6 months. Before one begins 
the urethral construction, there must be mini- 
mal curvature of the penis; otherwise the or- 
gan will not function satisfactorily even 
though an urethra be present. In these cases 
in which we have corrected the chordee no 
secondary operations have been necessary. 
The patient is followed at about monthly in- 
tervals noting any tendency of the penis to 
curve on erection and watching the state of 
the tissues to determine when urethral con- 
struction can be undertaken. If the child is 
around a year old when the chordee is cor- 
rected, we usually wait until about 2 or 3 
years of age before making the urethra. This 
gives plenty of time for complete return of the 
tissues to normal and since the objective is 
to obtain normal urination before going to 
school, no time is lost. In adults the minimum 
time of 6 months may be sufficient waiting 
period. 

There has always been a difference of opin- 
ion as to whether or not to divert the urinary 
stream and the method to be used. We think 
it is only common sense to keep the urine off 
the healing tissues, not so much because of 
infection but because of maceration. A per- 
ineal urethrostomy is simpler to do than a 
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Foley catheter is quite efficient. 

The first step in urethral repair, therefore, 
is the urethrostomy performed fairly high in 
the perineum. This site is chosen with the def- 
inite purpose of causing the urine to flow past 
the urethrostomy at more or less of a right 
angle rather than directly toward it which oc- 
curs if the opening is lower where the urethra 
turns. We believe that this helps in prompt 
closure of the perineal urethrostomy after the 
catheter is removed (Fig. 4). 

The urethral orifice previously placed off 
the midline is encircled by an incision and is 
dissected free for about one-half inch. A tun- 
nel is made with scissors distally under the 
skin toward the glans. At the frenulum one 
must proceed carefully since the skin is thin- 
ner and more attached. The tunnel is carried 
through the glans emerging at the dimple 
where the normal meatus should be located 
(Fig. 5). A skin graft about 0.020 inch thick 
is cut by dermatome from the anteromedial 
aspect of the upper arm. This area is as 
nearly hairless as any obtainable. This graft 
is secured with dermatome cement to a cath- 
eter ranging in size from No. 14 to No. 18 
French depending on the age of the individual 
and the size of the penis. At either end a 
No. ooo chromic catgut tie encircles the graft 
and catheter to prevent rolling when the cath- 
eter and graft are introduced into the tunnel 
(Fig. 6). Introduction is through the opening 
in the glans, the tip of the catheter being 
pushed on downward into the urethra. The 
catheter is turned so that the seam of the 
graft is dorsal. The tunnel should be of such 
size as to hold the graft covered catheter 
snugly. The graft and urethra are sutured 
with interrupted No. ooo chromic catgut su- 
tures on atraumatic needles (Fig. 7). Since 
the urethral opening was off the midline it 
comes to rest under a bridge of skin when dis- 
sected free. The closure of the opening is ac- 
complished by drawing a small flap from the 
midline even farther laterally, the object 
being to keep the suture line of urethra- 
graft anastomosis and skin away from one 
another, since this is the place where fistula 
formation is most common. The penis is 
elongated as much as possible sliding it over 


suprapubic cystotomy and with an indwelling» 
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TABLE I. ANALYSIS OF 10 CASES WITH IMME DIATE AND LATE END-RESULTS 







































































Age chordee corrected . Results 
Case and unit num-}-,. . _____| Age urethra recon-} 
ber Type of hypospadias we structed ’ J 
Elsewhere Our clinic Immediate Final 
- % % Perineal scrotal 18 mos. 3 yrs. Small Getula Closed operatively 
S. M. H. pseudoherma- 4 yrs. Excellent at 
164068 phrodite 7 yrs. 
2. H. 4 Penile scrotal Completed 39 yrs. Urethra intact Excellent at 4 yrs 
S. M. H. 
194501 
a. 5... Penile scrotal Partially corrected Chordee corrected Pressure n necrosis Fistula operatively 
S. M. H. and urethra con-| from dressing— closed 8 mos. lat 
196052 structed—one large fistula | er. Tiny fistula 
stage 38 yrs. closed 9 mos. later 
| spontaneously. No 
follow-up. 
4 GP. Penile scrotal Completed 9 yrs. 10 yrs. Tiny fistula Pinpoint fistula 
S. M.H present 4 mos. aft- 
229069 er urethra con 
structed. 
5. J. B. Penile scrotal Incomplete at 1 yr. II yrs. 12 yrs. Pinpoint fistula Fistula closed spon- 
Ss. M.H taneously 3 yrs 
2215906 after surgery. Ex- 
| cellent at 4 yrs 
‘>= Penile scrotal Incomplete at 2 yrs. 24 yrs 25 yrs. Excellent Excellent at 5 mos 
S. M. H. 
233230 
7.D.R Pen le scrotal | | Complete 1 10 yrs. II yrs Small fistula Fistula at 4 mos 
S. M. H. Voids through 
238687 | meatus in glans 
| penis 
_B.F. Midpenile 4yrs 4% yrs. Excellent | Excellent at 4 mos 
§ M. H. | 
247264 | 
ae Midpenile 8 yrs. 9 yrs. Small fistula Small fistula at 
S. M. H. | mos. 
236358 
10. R. S. ‘Perineal scrotal 7 yrs. | 7% yrs. Small fistula at ure- 6 mos. fistulas oper- 
Ss. M. H. pseudoherma- } thral graft junc-| atively closed. Per- 
168824 phrodite | tion and at site of| ineal fistula healed 
perineal urethros-| and urethral fis 
tomy tula present at ro 
mos. 

















the graft and a stitch transfixes glans, cath- 
eter, graft, and abdominal skin. Thus the 
penis is held in hyperextension (Fig. 8). 

The position on the abdomen facilitates the 
application of a compression dressing. Orig- 
inally we immobilized the legs in an abducted 
position with plaster but we no longer do this, 
as a simple compression dressing seems effec- 
tive. In children the arms and legs are re- 
strained. Originally, we kept the graft bear- 
ing catheter in the penis for 14 days and the 
perineal catheter for 3 to 4 days longer. As 
we gained more experience, this time has been 
gradually decreased. We noted that at 6 or 7 
days there was often mucopurulent discharge 
at the glans meatus and similar discharge at 
the suture line on the shaft. Therefore we at 
present remove the catheter from the penis at 
7 days and the indwelling perineal catheter on 


the next day. The patient is allowed to void 
in order to wash out the discharge. A catheter 
may then be inserted through the penis into 
the bladder if the perineal urethrostomy does 
not close in 2 or 3 days. 


DISCUSSION OF IMMEDIATE AND LATE RESULTS. 


It is now 7 years since we first began on this 
plan of hypospadias correction. In that time 
we have completed 1o cases to the point 
where the results can be analyzed (Table II). 
There are several other cases in which the 
chordee has been corrected but sufficient time 
has not elapsed to allow urethral construction. 
From these cases it is evident that the plan as 
outlined for chordee correction is completely 
satisfactory. In no instance has there been an 
appreciable return of curvature of the penis on 
erection and nor hasa secondary correction of 
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chordee been necessary. This statement ap- 
plies not only to the penile type of hypospa- 
dias where the curvature is mild, but also to 
the severe pseudohermaphroditic deformities. 

In the 1o cases in which the urethra has 
been constructed at one operation, 3 have 
healed per primam with no leakage at any 
time and have voided through an adequate 
orifice in the glans penis as soon as the cath- 
eters were removed (Fig. 2). 

One other case should probably be included 
as an excellent immediate result in the group 
above since in this instance a tiny fistula at 
the anastomosis closed spontaneously in 3 
weeks. In 2 other cases a small fistula per- 
sisted at the anastomosis which had been 
operatively closed. 

Three other cases have small fistulas at the 
anastomosis and are awaiting closure. We 
have found that it is not wise to attempt im- 
mediate closure of a fistula at the anastomosis 
because in some instances the fistula will close 
spontaneously in a few weeks and in others 
will shrink greatly over a period of 3 to 4 
months. Actually these cases of fistula might 
be classed as good results by some observers 
because 2 of the 3 patients are voiding 95 per 
cent of the urine through the glans. In any 
event an attempt to close the anastomotic 
fistula must wait complete softening of the tis- 
sues in order to be successful. 

In one instance we have had a persistent 
perineal urethrostomy fistula which had to be 
closed operatively. From these data it would 
seem that one can expect about 50 per cent 
excellent immediate results from the plan as 
outlined. It is worth noting that in no in- 
stance has there been a failure of the inlay 
graft taking. Furthermore fistula formation, 
when it does occur, is limited to the site of the 
urethral-graft anastomosis. 

In the past we believe that the main reason 
for not using a free graft for urethral construc- 
tion has been the fear of contracture and 
stricture. A follow-up of our cases does not 
bear this out. At first we also had this lurking 
fear and dilated the constructed penile urethra 
frequently. We noted that this was often ac- 
companied by bleeding and, of course, con- 
siderable discomfort. Because it seemed that 
the continual trauma would predispose to 
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more scar tissue formation we abandoned fre- 
quent dilation and to our surpise found that’ 
the caliber of the stream in most instances 
actually improved. Evidently, the urinary 
stream is sufficient dilation in those instances 
where it passes through the urethra. If most 
of the urine comes through an anastomotic 
fistula, more frequent observation and passing 
of sounds to determine whether dilation is 
necessary is advisable. ‘The caliber of the 
stream is the best indication and, on each fol- 
low-up visit, the patient should be observed 
voiding if possible. 

We have now observed 2 cases for 5 years 
since construction of the urethra. Fortun- 
ately for our purpose one of these was a child 
3 years old at the time of repair and the other 
an adult 39 years old. The child has main- 
tained a completely satisfactory urinary 
stream and growth of the penis (Fig. 9). No 
tendency to stricture or for the chordee to 
return has been observed. This would seem 
to indicate that the graft has maintained a 
normal growth rate. The adult has developed 
no stricture and, according to both him and 
his wife, sexual function is normal (Fig. 10). 

Both of these patients have been endos- 
coped. The graft in each instance bears a 
close resemblance to urethral mucosa. There 
was no hair present. At the site of the anas- 
tomosis a circular ridge was observed through 
which the instruments passed easily. 


SUMMARY 


A method has been reported which is com- 
pletely satisfactory for chordee correction. 
1. We have used a one stage operation for 


urethral construction in to cases. This is a 
modification of the two stage Nové-Josserand 
principle which utilizes a free skin graft for 
urethral construction. 

2. Our experience has shown that this is a 
more satisfactory procedure than the gen- 
erally used operations dependent upon flaps. 

3. The advantages of this procedure are: It 
can be done successfully in about 50 per cent 
of cases in one operation. The urethra has a 
normal exit in the glans penis. This permits a 
more normal type of urinary stream. The 
orifice ending at the frenulum as it does in 
many flap operations does not afford this ad- 
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vantage. The graft from the upper arm tends 
to eliminate the disadvantage of hairgrowing 
in the urethra which has often been reported 
as a complication following construction of 
the urethra from penile or scrotal flaps. We 
have seen no definite strictures occur. Follow- 
ing flap operations it is not uncommon to have 
complete failure or multiple fistulas form. The 
poorest result in this regard when the urethra 
is constructed with a free graft is a fistula 
at the anastomosis of the graft and the ure- 
thra. This can be successfully closed at a 
later time. 

We believe that these results show that it is 
not necessary to use a two stage procedure as 
originally described by Nové-Josserand. Fin- 
ally, we believe that, most important of all, the 
method is applicable to preschool age children 
and can be used for any degree of hypospadias. 
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CAUSALGIA 


II. The Signs and Symptoms, with Particular Reference to 


Vasomotor Disturbances 


HARRIS B. SHUMACKER, JR., New Haven, Connecticut, I. JOSHUA SPEIGEL, Chicago, Illinois, 
and RICHARD H. UPJOHN, Salem, Oregon 


LTHOUGH certain aspects of causal- 
gia had been described previously, 
it remained for Weir Mitchell and 
his associates (7) to give a full ac- 

count of this condition in a remarkably vivid 
and comprehensive manner. According to 
them the syndrome was characterized by the 
following features: It occurred following par- 
tial injuries of peripheral nerves. Although a 
few patients stated that the pain began at the 
moment of injury, the authors expressed some 
doubt that this occurrence ever actually took 
place. The pain commonly began some time 
after the injury and generally during the pe- 
riod of healing of the wound. It was always 
burning in nature, although it was sometimes 
associated with other types of pain. The in- 
tensity of the pain varied from trivial to an 
indescribable torture. It was felt predomi- 
nantly in the periphery of the affected hand or 
foot, especially in the palm of the hand, the 
palmar surface of the fingers, and the dorsum 
of the foot. The painful extremity was exqui- 
sitely hyperesthetic to touch. As the pain 
continued, the patients began to show evidence 
of irritability, anxiousness, and emotional in- 
stability. Exacerbation of the pain generally 
occurred from touching the extremity, de- 
pendency, jarring the body, noises, and emo- 
tional excitement. The pain was usually made 
worse by dryness and heat, and was eased 
somewhat by wetness of the part and often by 
cold. The affected hand or foot commonly 
showed nutritive changes, glossy skin, dimin- 
ished or absent growth of hair, abnormally 
curved nails. The skin was generally a blotchy 
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red color and was always warmer than that 
of the corresponding hand or foot. 

With the passage of time and the study of 
numerous additional cases the essential fea- 
tures of this original description were repeat- 
edly confirmed. In certain details, however, 
variations were encountered. It was recog- 
nized, for example, that not in all patients was 
the skin warm and pink; in some it was cold 
and pale. As the sympathetic nervous system 
became implicated in the treatment and pre- 
sumably in the physiopathological mechanism 
of causalgia, these vasomotor alterations as- 
sumed added significance. It was commonly 
stated that patients with causalgia exhibited 
either vasoconstriction or vasodilatation in 
the affected hand or foot. 

It is our purpose to discuss the signs and 
symptoms and particularly the vasomotor 
status in a group of go cases which we have 
recently had an opportunity to study. The 
same group of cases are analyzed (10) in refer- 
ence to the réle of sympathetic interruption in 
treatment. The study includes only those pa- 
tients who were felt to be suffering from major 
causalgia although several were atypical in 
certain aspects. One of them, indeed, as we 
shall discuss subsequently, may perhaps actu- 
ally not represent a true case of causalgia. We 
have excluded cases of minor causalgia, ampu- 
tation stump pain, phantom limb pain, Sudeck’s 
atrophy and related posttraumatic vasomotor 
disorders and the burning pain of paraplegia. 


THE NERVE INJURY 


The upper extremity was affected in 49 
cases, the lower in 41. In Table I the distribu- 
tion of nerve lesions is tabulated. The inci- 
dence of nerve damage is based upon carefully 
performed neurological examination both be- 
fore and after relief of causalgia. It must be 
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emphasized that such examinations carried 
out before the pain has been eliminated are 
notoriously misleading, the extent of nerve 
dysfunction often appearing greater than is 
actually the case. When the involved nerves 
were explored, the condition found at opera- 
tion is taken into consideration. 

It will be seen that in 34 of the 41 cases in- 
volving the lower extremity the sciatic nerve 
was injured, while in 5 of the 7 remaining cases 
either the peroneal or tibial nerve was dam- 
aged. When the sciatic nerve was injured the 
peroneal component was sometimes affected 
alone; in other cases only the tibial compo- 
nent, and in still others both divisions. Alto- 
gether there was evidence of partial tibial 
paralysis in 27 cases while in 7 the tibial nerve 
was Clinically completely paralyzed. Similarly 
the peroneal nerve was partially paralyzed in 
16 instances while it appeared completely 
paralyzed clinically in 14. 

In 14 cases the brachial plexus was injured. 
All cords of the plexus were traumatized in 9 
instances, the median and lateral cords in 4, 
and in 1 case only the origin of the ulnar nerve. 
In 11 cases the median, radial and ulnar nerves 
were damaged, and ijn the 24 remaining cases 


of causalgia of the upper extremity the me- 
dian, radial or ulnar nerve or various combina- 
tions of two of them. It has generally been 
stated that the median is a most commonly 
affected nerve in causalgia in the upper ex- 
tremities as is the sciatic in causalgia of the 


lower extremities. Altogether the median 
nerve was partially paralyzed in 34 of our 
cases and apparently completely paralyzed in 
5. Similarly the ulnar nerve was partially 
paralyzed in 29 and completely in 8. 

In 11 instances the affected nerves of the 
causalgic extremity appeared clinically to be 
completely paralyzed. Seven were cases of 
sciatic injury, in 1 the entire brachial plexus 
was paralyzed, and in the 3 others the nerve 
involved was the saphenous, the tibial, and 
the median. When such lesions were explored 
neuromas in continuity were found and elec- 
trical stimulation failed to demonstrate any 
motor function. It must be emphasized, how- 
ever, that we have no proof that a few intact 
sensory fibers may not have traversed the 
neuromatous mass. Our series contains no 
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TABLE I.—DISTRIBUTION OF NERVE LESIONS 


IN CAUSALGIA 
No of 
Nerves affected cases 
Brachial plexus... . . 14 
Median, radial and ulnar 11 
Med 
Median and ulnar 
Median and radial 


Radial and ulnar 
a 

Sciatic and saphenous 
Saphenous. . 

Peroneal 

Tibial 
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cases of complete paralysis in which widely 
divided and completely separated ends of the 
nerve were demonstrated at operation. All 
that can be said is that causalgia did occur in 
certain patients with apparently complete 
nerve lesions. 

PAIN 

In regard to the question which Mitchell, 
Moorehouse, and Keen raised concerning the 
onset of pain at the moment the wound was 
incurred, we found that our data were some- 
what unreliable. A number of individuals 
stated that their pain began ‘‘immediately,”’ 
but on more careful questioning it was always 
evident that their memory for such details 
during the first few hours or even days was 
often hazy. At any rate 50 said their pain be- 
gan immediately; 23, from the first to the 
eighth day; 9, during the second or third 
weeks; 3, from 1 to 2 months, and one, 4 
months after injury. No data concerning on- 
set of pain are available upon 4 cases. 

The pain was described as burning in char- 
acter by all save 4 patients. Only 40 of these 
86 patients, however, had burning pain only. 
Pins and needles sensations were described by 
9 patients, tingling by 17, stinging by 2. Two 
patients said they had knife-like pains, 3 cut- 
ting, 8 shooting, 1 stabbing, 3 shock-like, 
1 sticking pain. Throbbing pain occurred in 
7. Six had a sense of crushing, 2 of intense 
pressure, 2 of squeezing, and 1 of mashing. 
Pulling, tearing, breaking, drawing, boring or 
buzzing sensations were complained of by 
another 6 individuals. Thirteen complained 
of a deep aching pain. 
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In contrast to the great frequency with 
which some relief of pain by wet applications 
was recorded in the original account of Mitch- 
ell and in other reports, we found that numer- 
ous individuals had not experienced allevia- 
tion from anything at all; indeed this was the 
case in 64 of the go patients. Twelve patients 
obtained slight or moderate relief from wet 
cold applications to the affected limb. They 
kept their hand or foot constantly wrapped in 
cool wet cloths. In all of them the painful 
hand or foot was warmer than the contra- 
lateral one. Three stated that cold weather 
gave some relief; only in 1 was the extremity 
warmer than the other. Two individuals 
thought they obtained some alleviation either 
from local cooling or warming of the hand. 
Two thought warmth was of some help, and 5 
thought warm wet poultices eased the pain 
somewhat. In only 4 of these 7 patients was 
the temperature of the affected limb lower 
than that of the contralateral one. One pa- 
tient said oiling of his hand gave a little relief 
and 1 found that he was helped by blowing 
upon his hand. 

On the other hand, all of the patients enu- 
merated one or more factors which aggravated 
the pain. Almost without exception the pain 
was made more intense by use of the part and 
in every patient by touching or tapping the 
affected hand or foot. Most of them com- 
plained of increase in pain when the limb was 
made dependent. All of them guarded their 
injured limb with great care and all of those 
with injury of an upper limb kept the arm 
adducted, the forearm flexed, and most of 
them supported the forearm with the other 
hand. They could be approached and ex- 
amined only after urgent and gentle pleading 
and reassuring, and even then examination 
was rendered unsatisfactory because of their 
great dread of having the extremity touched. 
In many patients exacerbation of the pain 
resulted from noises, emotional excitement, 
and the slightest jarring such as that induced 
by the closing of a door or the walking about 
of an individual in the examining room or even 
in the hallway outside. Unfortunately our 
records are incomplete in regard to this point 
in some instances. Such factors caused in- 
crease in pain rarely in the milder cases but 
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very commonly in the more severe ones. In . 
addition to aggravation of pain from touching 
of the part, 6 complained that continued pres- 
sure had a similar effect. One patient was 
made much worse by hunger. In to patients 
the pain was made worse by cold; in 6 of them 
the affected hand or foot was cooler than the 
other. One who said moderate cold brought 
relief noted an increase in pain from intense 
cold. Three said either heat or cold intensified 
the pain. In g patients exacerbation from 
warmth was noted; in 7 of them the hand or 
foot was warmer than the contralateral one. 
One patient who obtained some relief from 
wet warm applications was made worse by 
dry warmth. One said his pain was made more 
severe by wet weather, 1 by dryness, and 1 
by any wet applications. 

It will be noted that 13 of the 15 patients 
who noted relief of pain from cold had relative 
increase in skin temperature of the affected 
limb, and that a majority of those whose pain 
was helped by warmth had relative decrease 
in skin temperature of the injured extremity. 
Conversely, a majority of those whose pain 
was aggravated by cold had relative vasocon- 
striction and of those made worse by warmth, 
relative vasodilatation. It is perhaps signifi- 
cant, however, that there were exceptions. 

The pain was localized in the hand or foot 
in all instances; in a few it also extended up 
the forearm or leg. It was commonly limited 
to, or was more intense in, the distribution of 
the injured nerve but in numerous instances 
other parts of the hand or foot were also 
affected. As was true in the patients described 
by Mitchell and his associates, the pain in the 
hand was generally felt in the palm and palmar 
surfaces of the fingers. In contrast to their 
experience, however, we found that the sole of 
the foot was very frequently the site of intense 
pain. Most of the patients described the pain 
as superficial but many also described it as 
deep. 

In another article (10) we have analyzed the 
results of procaine sympathetic anesthesia in 
83 patients and of permanent sympathetic in- 
terruption in 57. In all save 1 atypical case, 
temporary, complete, or nearly complete, alle- 
viation of pain followed procaine anesthesia, 
while in 21 patients a satisfactory permanent 
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TABLE II.—DIGITAL SKIN TEMPERATURE STUDIES IN PATIENTS WITH CAUSALGIA IN WHOM 
THE AFFECTED AND CONTRALATERAL EXTREMITIES WERE ABOUT EQUAL IN TEMPERATURE 
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relief was brought about by one or more pro- 
caine blocks. In all save the one case in which 
little relief of pain followed sympathetic block, 
definite diminution in pain was achieved in 
the 57 cases treated by sympathectomy; in 
many the relief of pain was complete or 
nearly so. 
VASOMOTOR STATUS 

In all patients an effort was made to evalu- 
ate carefully the vasomotor status. An in- 
quiry was made into the state of vasomotor 
tonus before the injury, into the subjective 
sensation of warmth or coldness and of sensi- 
tivity of the hand or foot to cold during the 
present illness, into any alterations of color or 
sweating, into the presence of edema. It was 
not always possible to perform all the circu- 
latory tests desired; often the patient’s over- 
whelming fear of aggravation of pain could 
not be overcome sufficiently to obtain his per- 
mission or co-operation. For example, we 





were commonly unable to obtain oscillometric 
studies and could never do such tests as re- 
active hyperemia. We were not equipped to 
do digital plethysmography or venous occlu- 
sion plethysmographic studies of blood flow in 
the limbs. Notes were made upon color, tem- 
perature, sweating, venous filling time when 
possible, and edema. The effect of sympa- 
thetic procaine block upon pain, color, and 
temperature was noted in 83 patients. 

One patient gave a history of abnormally 
low vascular tonus, 11 of high vascular tonus, 
and the remainder apparently had had normal 
vascular tonus before the injury. Since the 
onset of causalgia 12 patients said the injured 
hand or foot was warmer than the contra- 
lateral one. Twenty-seven said the hand or 
foot was colder than the other. The other 51 
patients thought there was no difference in 
temperature or, in a few cases, stated that the 
involved hand or foot was sometimes warmer 
and sometimes colder than the other. 
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TABLE III.—DIGITAL SKIN TEMPERATURE STUDIES IN PATIENTS WITH CAUSALGIA IN WHOM 
THE AFFECTED EXTREMITY WAS COOLER THAN THE CONTRALATERAL ONE 
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Upon examination the affected hand or foot 
was pinker than its mate in 30 patients. Often 
this increased color was of a mottled, spotty 
nature and in 8 instances was associated with 
a mild cyanotic tinge. The hand or foot was 
cyanotic in 29 cases and pallor was noted in 5 
instances. In the rest there was no apparent 
difference in color between the injured and 
uninjured hands or feet. Our records contain 
notes concerning sweating in 57 cases. In 21, 
the affected hand or foot did not sweat, in 5 
sweating was diminished, in 23 sweating was 
increased, and in 8 patients there was no differ- 
ence in sweating in the two hands or feet. In 
some patients the skin appeared to be rela- 
tively normal in texture. In almost half of the 
remaining cases it was dry and scaly and in 
the other half, shiny, thin and glossy. Stiff- 
ness of joints and abnormal curving of the 
nails were present in some, especially those 
with glossy skin. In a number of cases the 
growth of hair was altered; in most of them it 
was diminished; in a few, increased. The 
peripheral pulses were not significantly altered 
except in those patients in whom a major 
artery had been injured and ligated, or oc- 
cluded by thrombosis. In about 35 per cent 
of the patients venous filling time was about 
the same in the two hands or feet; in about 25 
per cent it was relatively increased in the 
affected limb, while in the remainder it was 
decreased. 





In 54 cases accurate skin temperature studies 
were made. In 19 (32.5 per cent) the digits of 
the affected hand or foot were about equal in 
temperature to those of the opposite extremity 
(Table II). Over half of the patients had the 
subjective feeling that the injured limb was 
colder than the other. In 10 (18.5 per cent) 
the causalgic hand or foot was distinctly colder 
(Table ITI). It is of interest that in 4 of the 10 
patients a major arterial stem in the injured 
limb had been obliterated by traumatic throm- 
bosis or had been ligated. Several of the pa- 
tients had real sensitivity of the hand or foot 
to cold. Four of the 1o patients thought the 
affected hand was colder than normal, 3 that 
it was warmer, and 3 thought that the two 
hands or feet were equal in temperature. In 
25 (46.3 per cent) patients the digital skin 
temperature of the injured limb was distinctly 
higher than that of the other (Table IV). Nine 
of the 25 patients thought the hand or foot 
warmer than normal, 6 thought it colder than 
the contralateral one, and 10 noted no differ- 
ence in temperature of the two hands or feet. 
Examination of the data recorded reveals that 
only in a few instances was the skin tempera- 
ture in the range of maximal vasodilatation. 
In Table V skin temperature measurements in 
13 of these patients before and after sympa- 
thectomy are listed. It will be seen that in 
nearly every case a distinct increase in warmth 
occurred after operation. It is obvious then 
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TABLE IV.—DIGITAL SKIN TEMPERATURE STUDIES IN PATIENTS WITH CAUSALGIA IN WHOM 
THE AF FECTED EXTREMITY WAS WARMER THAN THE CONTRALATER: AL ONE 
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that vasodilatation in our cases was relative 
and not maximal. 

In Table VI some oscillometric studies are 
tabulated. No cases are included in this table 
in which the circulation was altered by throm- 
bosis, ligation, aneurysm, or arteriovenous fis- 
tula of the main artery to the extremity. It is 
seen that in only 2 cases was the oscillometric 
reading distinctly greater in the affected limb. 
In half the cases the values were not signifi- 
cantly different in the two extremities, while 
in 8 cases they were considerably less on the 
side of the injury. These findings are perhaps 
unexpected in view of the fact that in three- 
fourths of the patients the affected hand or 
foot was distinctly warmer than the other and 


in only 1 was it colder. Indeed, the finding 
of equal or reduced oscillometric readings in a 
limb in which some degree of skin vasodilata- 
tion exists as a consequence of peripheral nerve 
involvement might seem inexplicable. We 
have, however, often observed a marked in- 
crease in oscillometry after sympathectomy in 
extremities in which elevation of skin tem- 
perature had already existed as a result of 
somatic anesthesia. These observations sug- 
gest that interruption of sensory nerves may 
bring about surface vasodilatation without 
necessarily causing full dilatation of the larger 
arteries. It is entirely possible that on occa- 
sion certain irritative reflex phenomena may 
be present which tend actually to result in 
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TABLE V.— DIGITAL SKIN TEMPERATURE 
STUDIES OF THE AFFECTED LIMB BEFORE 
AND AFTER SYMPATHECTOMY IN PATIENTS 
WHOSE INJURED EXTREMITY WAS WARMER 
THAN THE CONTRALATERAL ONE 
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Skin temperature 


Skin temperature ; 
after operation 


before operation 
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relative constriction of the major arteries 
while at the same time anesthesia or hypesthe- 
sia from peripheral nerve injury results in 
relative skin vasodilatation. 
OTHER OBSERVATIONS 

There were associated vascular lesions in 23 
patients. In 15 cases the main artery of the 
extremity had been injured and had either 
thrombosed or had required ligation. The 
brachial artery was so affected in g cases, the 
axillary in 3, the subclavian in 1, the femoral 
in 1, and the radial and ulnar in 1. In 8 pa- 
tients an aneurysm or arteriovenous fistula 
had resulted and had either already been 
treated by some method requiring ligation of 
the affected artery or was so treated by us. In 
1 patient there was an arteriovenous fistula 
of the brachial vessels and in 1 a fistula of 
the femoral vessels. Aneurysms involved the 
brachial artery in 2, the popliteal artery in 2, 
the axillary in 1, and the profunda femoral 
in 1 case. Atrophy and contractions tended 
to be more severe in the cases with arterial 
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TABLE VI.—OSCILLOMETRIC STUDIES IN 
PATIENTS WITH CAUSALGIA* 
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*No cases are included in which the circulation was altered by throm- 
bosis, ligation, aneurysm, or arteriovenous fistula of the main arteries to 
the extremity. The oscillometric readings recorded were made at the 
wrist in cases of involvement of the upper extremity, and at the ankle in 
cases of involvement of the lower extremity 


occlusion than in those with good arterial 
circulation. 

In 22 patients there were associated frac- 
tures. In to patients there was a fracture of 
the humerus and in 7, of the femur. In the re- 
mainder there were fractures of the pelvis in 2, 
the tibia in 1, the radius and ulna in 1, the 
humerus, radius and ulna in 1. In most of the 
patients the fracture was infected and also 
ununited. These patients subsequently re- 
quired further operative treatment. Not in- 
frequently the bone grafting and the neu- 
rolysis or neurorrhaphy were carried out in a 
combined operation. 

Osteoporosis was commonly present in the 
bones of the affected hand or foot but was not 
strikingly different from that found in similar 
cases of nerve injury and disuse not associated 
with causalgic pain. 
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DISCUSSION 

Most of the observations made by Mitchell, 
Moorehouse, and Keen concerning the signs 
and symptoms of causalgia have been sub- 
stantiated in subsequent reports and are con- 
firmed by the studies which we have made. 
Little has been added to their careful notes 
upon the pain, its exacerbation, and its effect 
upon the general physical and emotional state 
of the individual. In certain respects, how- 
ever, there are discrepancies between their 
original findings and later observations. Their 
doubt that the pain ever commenced immedi- 
ately following wounding is not borne out by 
the answers of our patients, and the same was 
true in regard to a few of their own patients. 
Numerous patients said the pain began “im- 
mediately” in our series and in those recently 
reported by others (9, 11). One can, of course, 
question the reliability of memory for details 
during such a trying period. In all of the pa- 
tients of Mitchell and his co-workers the pain 
was described as burning, an observation so 
constant as to lead Mitchell subsequently to 
coin the term causalgia (6). In 86 of our go 
patients, burning pain was present, but 4 (4.4 
per cent) did not describe any burning pain. 
About ro per cent did not describe their pain as 
burning, in Kirklin, Chenoweth, and Murphy’s 
series. Rasmussen and Freedman found no 
burning in 45 of their 100 cases. They state 
that the clinical picture of these 45 patients was 
‘nearly identical” with that in the others. They 
do say, however, that Homans’ cases of minor 
causalgia were similar to “‘some”’ of the 45. 
In our 4 cases without burning pain, the 
symptomatology, signs, and response to treat- 
ment were otherwise entirely similar to the 
rest. It would seem, therefore, that occa- 
sional individuals with true causalgia have no 
burning pain or describe it as pain of some 
other sort. With regard to the location of the 
pain, subsequent observations have confirmed 
the original statements of Mitchell and his 
associates, though specific observations, such 
as its rarity on the sole of the foot, have not 
been substantiated. The transient partial re- 
lief of pain from wetting the part which they 
described has been commonly observed in 
other series of cases though generally in a 
smaller percentage of patients. Some of our 
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patients obtained such relief but many did 
not. 

Mitchell, Moorehouse, and Keen originally 
found causalgia only in cases of partial nerve 
injury. It has subsequently become apparent 
that causalgia may occur when the nerve dam- 
age is apparently complete (1, 3, 5, 8). In 11 
of our patients the nerve injury was clinically 
complete. When these lesions were explored, 
neuromas in continuity were found and in 
none of our cases was the nerve found divided 
with widely separated ends. It is interesting 
that neurorrhaphy did not result in relief of 
pain except in 2 patients. 

The glossy fingers, tapering, curving of the 
nails which occurred so commonly in the 
original account was present in a striking de- 
gree in only a small percentage of our patients. 
Such changes were more frequent in associa- 
tion with impaired vascular supply to the 
extremity. 

The vasomotor status of the affected limb 
was often but not invariably altered. In about 
one-third there was no significant difference in 
temperature of the two hands or feet; in 18.5 
per cent the causalgic hand showed evidence 
of vasoconstriction, and in 46.3 per cent, of 
vasodilatation. The vasoconstriction was in- 
tense in only a few, however, and the vasodila- 
tation was rarely full. Some of the patients 
in whom the skin temperature was increased 
had no significant increase in oscillometric 
readings. The commonest alteration in color 
was a spotty redness of the part, or cyanosis 
of varying degree. Pallor was noted in a few 
of those with vasoconstriction. It was evi- 
dent from our study that the patient’s sub- 
jective estimate of the temperature of the 
limb was a poor index of the actual state. 

When cases of vasoconstriction of causalgic 
limbs were first noted it became evident that 
the original finding of increased warmth was 
not a constant accompaniment of this syn- 
drome. Most of those who have studied causal- 
gia in recent years have reached the conclusion 
that this disorder is associated with some vaso- 
motor alteration which may be manifested 
either as vasoconstriction or vasodilatation. 
It would appear from our studies that a con- 
siderable number of cases are associated with 
no significant vasomotor alteration and that 
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when such changes occur they are frequently 
not of extreme degree. Furthermore, study of 
the vascular responses in numerous cases of 
peripheral nerve injury without causalgia re- 
veals similar vasomotor changes to those 
noted in causalgic limbs. In such patients in- 
creased warmth of the injured hand or foot 
occurs very commonly, and diminution in skin 
temperature in some. It would seem that the 
physiopathological explanation of the pain of 
causalgia must take into account the fact that 
the pain may occur in the presence of in- 
creased, decreased, or relatively normal vaso- 
motor tonus, as well as the fact that altering 
the vascular tone by any means other than by 
sympathetic interruption results in no effect 
upon the pain in the majority of cases. 
Kirklin, Chenoweth, and Murphy have re- 
cently re-emphasized the constant feature of 
accentuation of pain in causalgia by certain 
disturbing features in the patient’s environ- 
ment. Our experience is in entire agreement. 
Doupe, Cullen, and Chance have proposed re- 
lief of pain by sympathetic anesthesia as an 
essential characteristic of causalgia. In a sur- 
vey of recently reported experiences with over 
300 cases of causalgia, we can find nothing to 
suggest that any true case of causalgia has 
failed to respond to sympathetic block by a 
period of complete or nearly complete sub- 
sidence of pain. In our own experience, such 
relief was obtained in all cases except one (10). 
This patient had a complete neuromatous in- 
volvement of the entire brachial plexus follow- 
ing an avulsion injury, thrombosis of the sub- 
clavian artery, and fracture of the humerus. 
His pain was atypical in its wide distribution, 
the severe mashing, aching, burning, and 
squeezing pain being felt throughout the hand, 
forearm, and the distal third of the arm. It 
was not affected by temperature, but was 
worse with movement, touching the part, and 
with wet applications. Nothing brought amel- 
ioration. The circulation was precarious, and 
sympathectomy was performed largely for 
this reason; it afforded no more alleviation 
than the block. We have included this case in 
our survey particularly because it represents 
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the only real failure from sympathetic inter- 
ruption. It is our feeling, however, that relief 
of pain by sympathetic block is an essential 
feature of true causalgia and in this respect 
the case should be excluded. 


SUMMARY AND CONCLUSIONS 


The signs and symptoms of causalgia are 
analyzed in a series of go cases. In the light 
of this study and available data in the litera- 
ture it is concluded that the following fea- 
tures are an essential part of the clinical pic- 
ture of major causalgia: it is characterized by 
constant spontaneous pain following injury of 
a peripheral nerve or nerves, generally, but not 
invariably, burning in character but often 
associated with other types of pain. The pain 
is most intense in, and is usually limited to, 
the distal portions of the extremity and par- 
ticularly to the peripheral sensory distribu- 
tion of the affected nerves. It is exacerbated 
by certain stimuli, and is relieved completely 
or nearly so during adequate sympathetic pro- 
caine anesthesia. The associated nerve injury 
is generally incomplete but may be complete. 
The vasomotor status of the affected hand or 
foot may be relatively normal or may show 
evidence of varying degrees of vasodilatation 
or, less often, of vasoconstriction. 
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DICUMAROL PROPHYLAXIS AGAINST VENOUS 





THROMBO- 





SIS IN WOMEN UNDERGOING SURGERY 


GEORGE VAN S. SMITH, M.D., F.A.C.S., and WILLIAM J. MULLIGAN, M.D., 
Brookline, Massachusetts 


N January 31, 1943, the use of di- 
cumarol was begun at the Free Hos- 
pital for Women with the purpose 
of preventing postoperative compli- 

cations from intravenous thrombosis. The 
drug was administered to women undergoing 
major and vaginal plastic surgery. The major 
surgery comprised for the most part pelvic 
procedures but included a goodly number of 
operations on biliary, intestinal, and urological 
tracts, of herniorrhaphies and radical mastec- 
tomies. Most patients receiving the drug were 
over 40 years of age. It was given to women 
under 40 with the following as indications: 
obesity, varicose veins, a history suggesting 
previous thrombosis, and cardiovascular dis- 
ease. During the 4 year period ending Janu- 
ary 31, 1947, 2,353 patients were treated 
prophylactically with dicumarol. This paper 
is presented as a progress report. 

Dosage schedule. On the assumption that 
intravenous thrombosis might begin during or 
just after surgery, dicumarol was given pre- 
operatively for the first 314 months of this 
study in doses of 200 to 400 milligrams during 
the 40 hours preceding operation. No diffi- 
culties were encountered in the matter of 
hemostasis during operations or as regards the 
development of postoperative hematomas. A 
higher than usual incidence of postoperative 
thrombosis in leg veins ensued, the complica- 
tion occurring 6 to 15 days after the taking of 
the drug, without serious consequence. The 
impression was gathered that when the effect 
of dicumarol disappears, the blood of some 
women seems to acquire a greater tendency to 
clot intravenously. That a few thrombotic 
complications have since developed in dicu- 
marol-treated patients after their discharge 
from the hospital strengthens this impression. 


From the Free Hospital for Women, Brookline, Mass., and the 
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Because of this early experience a change to 
postoperative administration of the drug was 
made. 

For the next 22 months dicumarol was pre- 
scribed 30 to 48 hours after operation and 
again 5 days later. A third dose was admin- 
istered after an additional 5 days if the patient 
was stillin bed. The 5 day interval was chosen 
on the basis of studies of prothrombin times 
(vide infra). The first 2 doses were arbitrarily 
set at 200 milligrams for patients weighing 
more, and 100 milligrams for those weighing 
less than 60 kilograms. The third dose was 
100 milligrams. The schedule was interrupted 
upon the occurrence of a hemorrhagic compli- 
cation or if the prothrombin time was found to 
be 70 seconds or over 4 or 5 days after the pre- 
ceding dose. 

Because of a small series of secondary va- 
ginal hemorrhages following plastic procedures 
late in the winter of 1945 and associated with 
unusually prolonged prothrombin times these 
doses were all reduced to 50 milligrams. The 
death of a patient from pulmonary embolism 
early in May, 1945, 2 days after receiving her 
second 50 milligrams of the drug brought 
about a return to 100 milligram and 200 milli- 
gram doses, the latter, however, being much 
less frequently prescribed. Furthermore, since 
patients were getting out of bed sooner during 
1945 and 1946, the third dose was only occa- 
sionally given. Although the majority of pa- 
tients treated between May, 1945, and 
February, 1947, have taken 100 milligrams 
28 to 40 hours after surgery followed by a simi- 
lar amount 5 days later, a fair number of pa- 
tients have received these amounts the night 
before operation and 5 days later. In these no 
greater tendency to bleed during operation has 
been noted. 

Prothrombin time. The dosage schedule em- 
ployed in this clinical trial was planned with 
the purpose of prolonging the prothrombin 
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= | 
P ' . Number of | Number of | 
Number of patients | of | Incidence nonfatal | Incidence | fatal | Incidence 
thromboses* | | emboli | emboli | 
I. 1922-1934, incl.—11 1,428 ward patients | 33 | 1:340 ‘ 
2. 1922- 1930, incl.— 6,241 private | patients | | | 12 1:520 
3- 1935—Jan. 30, 1943, incl.—12,466 ward 
patients 138 | 1:90 28 12445 | 19 1:656 
4. 1940-Jan. 30, 1943 incl.—1,815 private | 
patients — 19 1:05 5 1:363 2 1:907 
Totals before dic sananel 157 | 1:90 33 1:432 66 1:484 
5. Jan. 31, 1943-Jan. 31, 1947 incl. -5,260 
ward patients, 2,156 received dicumarol | 26 1:202 2 1:2630 3 | 1:1873 
iapiaacietinbiaciaiacsadl | “ *- : 
6 Jan. 31, 1943—Jan. 31, 1947, incl.—3,791 | | | 
private patients, 197 received dicumarol 16 | 1:231 6 1:631 ° | 0:3791 
Totals during dic umarol | 42 | 1:215 | Py I:1131 3 | 1:3017 
- Jan. 31, 1943—Jan. 31, 1947, incl.—total of | | | 
,353 received dicumarol | 17 | 1:138 j 2 I:1177 | I 1:2353 


































time in the majority of patients, at the same 
time avoiding hemorrhagic complications, and, 
compared with the amounts of dicumarol used 
by others in the actual treatment of thrombo- 
sis, was conservative. Because of the limita- 
tion of technical help imposed by exigencies of 
war time and to avoid the discomfort of re- 
peated venipuncture the intention was to 
carry out this study with a minimum of pro- 
thrombin determinations. Early in the series 
sufficient determinations were made to show 
that doses of 100 milligrams of dicumarol cause 
the prothrombin time to be prolonged signifi- 
cantly in most patients by the second day after 
ingestion, this effect lasting 2 to 5 days. Pro- 
thrombin times were determined frequently 
during the early months of this investigation, 
and then sporadically until the late summer of 
1944, chiefly in those having thrombosis or 
hemorrhage. Subsequently more frequent de- 
terminations were made, and it gradually 
became a routine to have the prothrombin 
time performed before the second dose of 
dicumarol was prescribed. Failure to perform 
the test daily on all patients resulted in too low 
dosage for those who developed thrombosis 
and in failure to detect the few who, because of 
apparent sensitivity to the drug, developed 
unusual or aggravated hemorrhagic complica- 
tions. It has also become routine to delay the 
second dose of dicumarol for 2 days if the 
prothrombin time is less than 35 per cent of 
normal or, under the same circumstances, to 


*The number of thromboses includes those who developed embolism, both nonfatal and fatal. 


omit the second dose entirely if the patient is 
ambulatory. 

Results and comments. In Table I the inci- 
dence of postoperative thrombotic complica- 
tions among ward patients is compared with 
that among private patients both before and 
during the dicumarol era. The study covers 
41,001 patients operated upon, 31,950 before 
and 9,051 during the 4 year period of prophy- 
lactic dicumarol administration. About 38 
per cent of the operations performed at this 
hospital are major; about 35 per cent consist of 
major pelvic surgery; and about 30 per cent 
are hysterectomies. For example, of the 2,297 
patients operated upon in 1946, 885 under- 
went major surgery and of these 716 had 
hysterectomies. The number of thromboses 
given in the table includes those who devel- 
oped embolism, both nonfatal and fatal. Under 
the heading of ‘‘thromboses” are included 
cases of superficial and deep phlebitis of one 
or both lower extremities as well as pelvic 
phlebitis. By the term “phlebitis” both phle- 
bothrombosis and thrombophlebitis are meant. 

Seven of the thromboses listed in Sections 5 
and 7 of Table I occurred in patients who had 
received dicumarol before operation only. As 
stated under “Dosage schedule,” it is our im- 
pression that these patients, most of whom 
were not ambulatory when the effect of the 
preoperative dicumarol had worn off, had be- 
come more prone to the development of 
thrombosis, perhaps as a result of an over- 
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production of clotting factors in the response 
to the drug. None developed pulmonary 
complications. 

Since 1930, various means have been em- 
ployed in an effort to reduce postoperative 
thrombosis at this hospital, viz., raising the 
foot or the head of the bed for one to 4 days 
after operation, giving thyroid extract, en- 
couraging activity in bed and maintaining a 
better fluid balance. Yet thrombotic compli- 
cations were not reduced; in fact in 1942 there 
were 36: cases of thrombosis, the highest in- 
cidence in years. Perhaps the decreased in- 
cidence of thrombosis and pulmonary com- 
plications since 1942 (Table I, Sections 5 and 
6) may be laid to even greater awareness of the 
medical and nursing staffs toward measures 
considered possibly effective in the prevention 
of thrombosis. The use of abdominal binders 
was discontinued. Postoperative distention 
has been more actively combated by gastric 
and intestinal intubation. Fluids and vita- 
mins B and C have been more freely given 
parenterally. Deep breathing and leg exercises 
have been encouraged but not enforced. The 
more general employment of antibiotics by 
preventing or ameliorating major and minor 
sepsis has undoubtediy had some influence 
against thrombosis. Finally, during 1945 and 
1946 patients have been getting out of bed 
earlier, between the third and eighth post- 
operative day, but real early rising has only 
occasionally been instituted. Thus the im- 
provements shown in Table I may not be 
attributed unequivocally to the use of dicu- 
marol. On the other hand, they seem suffi- 
ciently impressive to warrant the conclusion 
that dicumarol was a factor in their achieve- 
ment. 

That there were no fatalities from pulmo- 
nary embolism among the private patients 
operated on between January 31, 1943 and 
January 31, 1947 (Table I, Section 6), al- 
though only 197 (selected cases of the senior 
author’s) had dicumarol, statistically appears 
to weaken any proposition that the prophylac- 
tic use of the drug in ward patients was effec- 
tive. The impression prevails among many 
clinical investigators, however, that postoper- 
ative thrombotic complications occur more 
often in ward than in private patients. This 
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impression is supported by the comparative 
figures in Table I, except as regards nonfatal 
pulmonary embolism, which occurred more 
often in private than in ward patients both 
before and during the dicumarol study. It is 
notable that there was no striking decrease in 
the incidence of nonfatal embolism in private 
patients such as took place in the ward pa- 
tients during the time dicumarol was being 
prescribed (Section 6, Table I). The 6 private 
patients with nonfatal embolism were prompt- 
ly treated either by heparin and dicumarol or 
interruption of the femoral veins, these meas- 
ures in all probability being effective in pre- 
venting at least 1 or 2 fatalities. 

The 1 fatality from embolism among those 
receiving dicumarol prophylactically (Section 
7, Table I) occurred 2 days after the second of 
two 50 milligram doses of the drug, which in 
retrospect were too conservative. One of the 
patients in this group who developed nonfatal 
embolism was refractive, her prothrombin 
time being normal 3 days after a 100 milligram 
dose. 

Complications from dicumarol. The only 
complications were hemorrhagic. No other 
side effects were observed. In Table II are 
listed the hemorrhagic complications attrib- 
uted at least in part to dicumarol because of 
the unusually prolonged prothrombin times 
determined in these cases. The vaginal hemor- 
rhages occurred in patients who had had plas- 
tic operations or total hysterectomies or both. 
Although the drug is believed to have aug- 
mented vaginal hemorrhage in the cases listed, 
we would point out that the incidence of post- 
operative vaginal hemorrhage during the 8 
years before the dicumarol experiment was the 
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same as that both in the dicumarol group itself 
and in all patients operated on between Janu- 
ary 31, 1943, and January 31, 1947. The 
reduction of hemorrhagic complication in 1945 
and 1946, however, when 200 milligram 
amounts of dicumarol were much less often 
prescribed and when the giving of the second 
dose was contingent upon a prothrombin time 
not less than around 4o per cent of normal is 
noteworthy. Hemorrhage associated with an 
unusually prolonged prothrombin time has 
been satisfactorily treated by menadione bi- 
sulphite in 40 to 64 milligram amounts ad- 
ministered parenterally and repeatedly and 
fresh whole blood transfusion—along with 
resuture when of vaginal origin. 

The patient who developed a subarachnoid 
hemorrhage died. The following is an abstract 
of her record: 

Mrs. P. MacL. (Hospital No. 23473), aged 46 
years, weight 127 pounds, was admitted on August 
10, 1944. On preoperative examination her blood 
pressure was 130/80, and the only abnormal cardio- 
vascular findings were a soft apical systolic murmur 
and moderate varicosities of the veins of both legs. 
On August 12, 1944, complete hysterectomy and 
bilateral salpingo-oophorectomy were performed for 
a 6 inch right ovarian cyst. She received 100 milli- 
grams of dicumarol 34 hours after operation and 
again 5 days later. Prothrombin time was not per- 
formed. Convalescence was uncomplicated and she 
was discharged on August 24. At 6 o’clock the fol- 
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lowing morning, after returning to bed from the 
bathroom, she experienced severe occipitofrontal 
headache accompanied by tingling sensations in fin- 
gers and toes. There followed intermittent vomiting. 
She was readmitted on August 25. Nothing ab- 
normal was found on general physical and neurologi- 
cal examination except for stiffness of the neck. No 
localizing signs were elicited. Lumbar puncture re- 
leased amber colored fluid under pressure. By 
August 31, there was much less headache and vomit- 
ing had ceased. The prothrombin determination, 
however, on that day, 13 days after the last ingestion 
of dicumarol, was 36 per cent of normal, indicating 
idiosyncrasy to the drug. The ingestion of 7 grams of 
acetylsalicylic acid during the previous 6 days prob- 
ably had contributed to the prolonged prothrombin 
time. She was transferred to the Neurological Serv- 
ice of the Massachusetts General Hospital. On Sep- 
tember 5, her condition was reported to be good, but 
9 days later death was caused by a second subarach- 
noid hemorrhage. It would seem that if dicumarol 
had played a part in her demise, death would have 
occurred at the time of the first hemorrhage.! 


CONCLUSION 


The use of dicumarol in 2,353 selected pa- 
tients out of a total of 9,051 operated upon 
during a 4 year period appears to have con- 
tributed to a considerable reduction of the 
incidence of postoperative thrombotic compli- 
cations without in itself causing a distressing 
amount of trouble. 


1At necropsy multiple small aneurysms of the circle of Willis 
were revealed along with organizing and recent hemorrhage. 
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CARTILAGINOUS TUMORS OF THE HAND 


JOHN G. SHELLITO, M.D., and MALCOLM B. DOCKERTY, M.D., 


Rochester, Minnesota 


ARTILAGINOUS tumors of the 
hand grow in, on, or in close associa- 
tion with the bones of the hand and 
wrist. These tumors are clinically 

important because, to a great extent, they 
occur on or in two of the most important 
organs, the hands. In the hand these tumors: 
(1) interfere with function, (2) are a source of 
potential malignancy, and (3) are unsightly 
for cosmetic reasons (Fig. 1). 

It was found, on reviewing the literature, 
that all too often cartilaginous tumors are 
lumped together under the heading ‘‘osteo- 
chondroma” and the suffix “‘sarcoma” added 
to denote malignancy. It was discovered that 
it is correct, on the basis of pathology, to di- 
vide these tumors into two types: the enchon- 
droma, or chondroma, and the ecchondroma. 


HISTORICAL DATA 


As early as the time of Virchow, the dis- 
tinction between enchondromas and ecchon- 
dromas had been made and mentioned in the 
German literature. 

Virchow stated that an enchondroma was 
an enlargement of a cartilaginous rest in the 
bone marrow and in other sites where cartilage 
was not normally found. He called an “ec- 
chondroma”’ a “‘perichondroma,” and stated 
that these cartilaginous tumors occurred at 
the edges of bone, were usually located near 
the epiphyses of long bones, and came from 
an overgrowth of permanent cartilage. 

Enchondroma. Geschickter (10-14), and 
many others, have been of the opinion that 
these tumors are the result of cartilage ‘‘rests”’ 
which represent supernumerary articular car- 
tilages. This opinion is supported by the fact 
that these tumors occur in a location where 
many small joints develop, such as the hands, 

From the Department of Surgery, Mayo Foundation, and the 
Division of Surgical Pathology, Mayo Clinic. 

Abridgment of thesis submitted by Dr. Shellito to the Faculty 
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feet, and vertebrae. These cartilage rests or 
islands form the central chondromas. Vir- 
chow also stated much this same hypothesis, 
and it is supported in the literature by Bell 
(2), who said that chondromas may arise from 
temporary osseous cartilage and from fetal 
cartilaginous rests. Bell (1-3) also stated that 
they may arise from some other connective 
tissue by metaplasia. Goddu, Raisch, Boyd, 
Ewing, and Gatewood supported the cartilage 
rest hypothesis of origin, or that of a primitive 
mesenchymal tissue misplacement, which is 
essentially the same thing. Meyerding wrote 
that these tumors arise from a transition of 
connective tissue cells in sites where cartilage 
is not normally found. Bunnell said that these 
tumors are congenital, are found almost al- 
ways in the hand, usually occur singly and 
represent potential articular cartilages in the 
phalanges. Haas simply stated that an en- 
chondroma arises from a site where cartilage 
does not normally occur. Mason reported 
that these tumors have never been found in a 
carpal bone. 

Ecchondroma. Geschickter (11, 12, 14) 
stated that the bones and joints begin their 
development as primitive mesenchymal, pre- 
chondral connective tissue. This tissue has 
the ability to develop into bone, cartilage, 
synovia, periosteum, and so forth. It is very 
undifferentiated tissue. By mucoid degenera- 
tion this tissue undergoes modeling, then by 
differentiation, cartilage is formed, and finally 
bone. The ends of the tendons which are des- 
tined to attach to the ends of the long bones, 
develop and approach their site of insertion 
into the primitive bone. The precartilage of 
the end of the tendon and the bony outgrowth 
from the precartilaginous bone approach each 
other and unite. If junction occurs normally, 
both are surrounded by periosteum and no 
abnormality develops. However, if there is 
any malunion or irregularity of union in which 
the bony outgrowth fails to blend with the end 





of the tendon and does not become enveloped 
in periosteum, an ecchondroma will develop. 

In 1930, Dean Lewis said that although the 
tendon developed from fibrous connective tis- 
sue, the tendon insertion developed from pre- 
cartilaginous connective tissue. 

Tumors of the tendon sheath. Tumors of the 
tendon sheaths were first reported by Von 
Chaissagnac in 1852 and have long been con- 
sidered rarities. The least common of all of 
these tumors, according to Buxton, is the 
chondroma. In 1923 he wrote that the chon- 
droma could occur within the tendon sheath 
and, when such was the case, usually was as- 
sociated with trauma. Some authors have 
considered that these intrasheath chondromas 
come from the synovia, while according to 
others they arise from tissue of mesenchymal 
origin at the edge of the synovia of the joint 
or sheath. 

Geschickter (14) has said that the ecchon- 
droma is, by far, the most common of the 
cartilaginous tumors of the tendon sheath. 

King stated that chondromas developed 
from cells of the synovial membrane of the 
tendon sheaths, which cells were capable of 
forming cartilage when exposed to an adequate 
stimulus. Hence, he felt that the chondroma 
was the result of metaplasia of the cells of the 
synovial tendon sheath. 
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Fig. 1. Enchondromas of the hand. 


The most accepted hypothesis at this time 
seems to be that of Niosi and Castiglioni who 
stated that the primitive reticuloendothelial 
cell, normally present in the synovial mem- 
brane, could develop into cartilage by meta- 
plasia in response to an adequate stimulus. 
This stimulus usually is thought to be multiple 
rather than single and to consist in repeated 
slight trauma. 


MATERIALS AND METHODS 


In this study the operative specimens of tu- 
mors of the hand at the Mayo Clinic from 
1908 to 1945 were sectioned and studied, and 
all the case histories were reviewed. 

Only those tumors from which a pathologic 
specimen suitable for section was available 
were included in the series. If a specimen was 
not available and pathologic study was not 
possible, the case was dropped from the series. 

Each case was studied clinically and patho- 
logically. The case was reviewed to determine 
age, sex, presence of pain, trauma, pathologic 
fracture, whether the tumor was single or mul- 
tiple, and its location in the hand. 

Hyaline cartilage was used as a normal for 
comparison. Variations from this normal, as 
found in the tumors, were graded in an ascend- 
ing scale of 1 to 4. The tumors were studied 
microscopically for vascularity, myxomatous 
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Fig. 2. a, left, Pathologic fracture; b, enchondromas of the hand. 


change, malignant change, cellularity, calci- 
fication of cartilage, and recurrence. 

Roentgenograms in each case were studied 
and the diagnosis of the roentgenologist was 
compared with that of the pathologist. 

The work was confined to tumors of the 
hand and the carpal bones of the wrist. 

Forty-two cases of cartilaginous tumor of 
the hand comprise this series. Of the forty- 
two, 30 were cases of enchondroma (71.43 per 
cent) and 12, of ecchondroma (28.57 per cent). 
One instance of enchondroma or chondrosar- 
coma was malignant. 


CLINICAL FINDINGS 


Enchondroma. Enchondroma was found in 
the small bones of the phalanges in 25 cases 
and in the metacarpal bones in 15 cases. 
Hence, these tumors were more common in 
the phalanges. 

A history of pain was elicited in 26.6 per 
cent of the 30 cases of enchondroma, and al- 
ways was associated with pathologic fracture 
(Fig. 2a). Pathologic fracture occurred in the 
same cases in which a history of pain was 
noted. The remainder of the patients came to 
the surgeon because of swelling of the finger 
or metacarpal bone (Fig. 2b), but not because 
of pain. 


The ratio of males to females was 17:13 and 
the average age at the time of operation was 
35 years. 

Of the enchondromas, it was found that 5 
were multiple and 25 were single tumors. 

Tumors of the tendon sheath. Two cases of 
tumors of the tendon sheath were found in the 
42 cases of the series. Both of them were en- 
chondromas. One of these tumors was a single 
enchondroma, but the other was more inter- 
esting in that there were 5 separate chondro- 
mas in the tendon sheath (Fig. 3a). 

In both cases a preceding history of trauma 
was noted. Both patients were men and the 
site in each instance was a flexor tendon 
sheath. 

Ecchondroma. The ratio of males to females 
was 1:1 and the average age was 33.6 years. 

These tumors occurred with almost equal 
incidence on the phalanges and metacarpals. 
They arose at the insertion of a tendon, usu- 
ally on the proximal side, and caused a lump 
or protuberance of the bone. 

It was found that trauma was associated in 
4 cases, but in each instance after the tumor 
had arisen. After the swelling had developed, 
the patient bumped the enlargement and re- 
alized that a tumor was present. In the same 
4 cases a history of pain associated with the 

















Fig. 3. a, Enchondroma of the tendon sheath which 
occurred away from the site of tendon insertion. Evidence 
of calcium deposition can be seen. b, Enchondroma show- 


trauma had been given, and the patients in 
these cases were the only ones in cases of ec- 
chondroma that did mention pain. No patho- 
logic fractures were encountered. 

In 2 of the cases more than one tumor had 
developed and in 1o, single lesions. 


ROENTGENOGRAPHIC OBSERVATIONS 


Enchondroma. The roentgenographic pic- 
ture of these tumors caused the roentgenolo- 
gist to suspect the presence of chondroma in 
50 per cent of the cases (Fig. 2b). 

The typical picture was that of the so-called 
bone cyst which was seen as a small, round 
area of decreased density in the center of the 
bone. The cortex usually was expanded and 
thinner than it normally is. The outline was 
round and regular and appeared in the center 
of the shaft. 

Ecchondroma. In contrast, the roentgenolo- 
gist was able to make the diagnosis in almost 
all of the cases of ecchondroma. The lesion 
in this case appears at the periphery and one 
end of the bone. The bony elements of the 
base of the ecchondroma show plainly as an 
elevation of bony structure. 


PATHOLOGY 


At the Mayo Clinic in a ro year period from 
1935 to 1945, the relationship of ecchondroma 
to enchondroma in all sites and in all bones of 
the body was 64.13 per cent ecchondroma and 
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ing increased vascularity. c, Ecchondroma cut at the base 
of the cartilaginous cap, showing the junction of the bone 
and cartilage. 


35-87 per cent enchondroma. However, when 
the cartilaginous tumors of the hand alone 
were considered, it was found that the rela- 
tionship was reversed and that ecchondroma 
occurred in only 28.57 per cent and enchon- 
droma occurred in 71.43 per cent. Hence, the 
enchondroma occurs much more commonly 
in the hand, and much less commonly in 
the foot, than in any other location in the 
body. 

Enchondroma. These tumors occur most 
frequently in patients between the ages of 20 
and 30 years. 

The vascularity of these tumors was graded 
from 1 to 4, with normal hyaline cartilage used 
as a control. An average of 2 plus was found. 
Thus, these tumors have an increased blood 
supply (Fig. 3b). — 

The degeneration of an enchondroma is in- 
teresting and was investigated thoroughly. 
The literature varies widely on this subject 
and lists many different kinds of degeneration, 
such as fatty, hyaline, calcium, and fibrous. 
In this series myxomatous tissue was consid- 
ered as a degenerative phase of a hyaline en- 
chondroma and was found in 53 per cent of all 
the enchondromas. This tissue did not occur 
regularly in just one area of the tumor, such 
as central or peripheral, but was located at 
random and varied from tumor to tumor. The 
extent of this degeneration was graded from 
1 to 4 and an average of 2 was obtained. 





a a a a ee -— mtn Oe Lk Oke ee 


— - Tp 


oo - —_— 


eo [3S °35 © 





one 








SHELLITO ET AL.: 





No other type of degeneration occurred ex- 
cept in 6 cases in which deposits of calcium 
were seen. This calcium, mot in the form of 
bone, was usually small in amount, and dep- 
osition occurred in conjunction with myxo- 
matous degeneration. There was no site of 
predilection. 

Ecchondroma. These tumors occur most 
frequently in patients from 10 to 25 years of 
age. The tumors are bony outgrowths sur- 
mounted by a cartilaginous cap (Figs. 3c and 
4). 

The microscopic picture of an ecchondroma 
is varied in accordance with the site of section. 
If the section is taken across the bony base it 
will apparently be composed entirely of bone, 
and if the section is taken high on the cartilag- 
inous cap the tumor will appear to be com- 
posed entirely of hyaline cartilage (Fig. 3c). 

The blood supply of an exostosis, osteo- 
chondroma, or ecchondroma comes from the 
bone marrow, both the bony element and the 
cartilage being supplied from this same source. 
Evidence of abnormally increased blood sup- 
ply to the ecchondroma was not found. 

Degeneration was observed rarely, and 
when evidence of it was found, it was very 
slight and took the form of a mild myxomatous 
change in the cartilage elements. The carti- 
lage itself was not divided into many lobes or 
lobules as it is in an enchondroma and the 
tumor did not grow from many sites or sources 
as does an enchondroma. 

Malignancy. Malignant cartilaginous tu- 
mors may arise from either an ecchondroma 
or an enchondroma. According to the re- 
ported cases in the literature, it is more com- 
mon for them to arise from an enchondroma 
than from an ecchondroma. 

It always has been stated that a chondroma 
will recur if some enchondroma cells are mis- 
placed, allowed to transplant or left in situ. 
This is not true of ecchondroma. The fact 
that a chondroma recurs after one removal 
does not necessarily mean that it is malignant, 
although malignancy is difficult to determine 
in these cases. The criteria for malignancy in 
an enchondroma are increased cellularity and 
the presence of an occasional mitotic figure. 
Mitotic figures may be difficult to find in what 
would otherwise be a benign enchondroma. 
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Fig. 4. Gross appearance of an ecchondroma. 


In the entire series 5 tumors recurred. One 
recurrence was that of an ecchondroma and 
was due to slow growth of remnants of the 
cartilage cap. The other 4 recurrences were of 
enchondromas, only 1 of which was consid- 
ered malignant. Evidence of metastasis was 
not found. 

The 1 malignant tumor was a chondromyx- 
osarcoma (incidence: 2.62 per cent in our se- 
ries). The patient was operated on 5 times at 
2 year intervals for a recurring benign chon- 
droma, and it was not until the fifth operation 
that a diagnosis of low-grade malignancy 
could be made. 


TREATMENT 


In all cases of enchondroma treatment was 
conservative. The tumor tissue was curetted, 
leaving as much of the bony shell as possible. 
Bone grafts were used where needed. Also in 
cases of ecchondroma treatment was conserva- 
tive and consisted of removal of the protuber- 
ance and as much of the bony base as was 
necessary to restore the normal continuity of 
the bone. 

COMMENT 

The cartilaginous tumors, as a group, have 
been called osteochondromas and this has cre- 
ated some misunderstanding. An _ ecchon- 
droma can also be called an exostosis or an 
osteochondroma, and is found near the ends 
of both the long and the short long bones, at 
or near the site of a tendon insertion. An en- 
chondroma can also be called a chondroma, 
and occurs most commonly in the short bones 
of the hands and the feet although it can also 
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occur in any bone which has had an embryonic 
cartilaginous origin. —The membrane bones of 
the face and skull are not the sites of chon- 
dromas. The chondroma occurs centrally in 
bone and grows from several centers expand- 
ing the cortex. It is silent until it reaches a 
size large enough to be recognized as a swelling 
or tumor of the hand. It often calls attention 
to itself by a pathologic fracture. The roent- 
genologist commonly makes a diagnosis of 
simple, central bone cyst. 

The ecchondroma or osteochondroma arises 
from the cortex of the bone and has a bony 
base and a cartilaginous cap. 

Enchondroma. The ideas concerning origin 
of these tumors are many and varied. The 
one which has best withstood the test of time 
is that of primitive cartilage rests. It has been 
noted that chondromas occur with the great- 
est frequency in regions where there are a 
great many small joints and bones. It is 
known that bone which is not membranous is 
first preceded by primitive connective tissue 
or mesenchyma. This connective tissue dif- 
ferentiates into areas or strands from which 
bone is formed by differentiation. Also from 
this same tissue, and from primitive cell tis- 
sue, comes the synovia of the joint and the 
insertion of the end of tendons and the mar- 
row and cortex of the bone. The bone itself is 
formed first by differentiation into primitive 
cartilage and then replacement by the osteo- 
clasts and osteoblasts to form the actual bone. 

The synovia of joints and the cartilaginous 
bony ends which articulate each with the 
other are also formed from this same tissue. 
The articular cavities are formed by degenera- 
tion of this primitive connective tissue and 
its subsequent absorption. 

Thus it is thought that at the time of re- 
placement of the primitive cartilage in order 
to form bone, or at the time of the absorption 
of the primitive connective tissue in order that 
the actual joints and joint spaces may result, 
some of this early mesenchymal cartilaginous 
tissue is caught or left behind and occurs as a 
rest in the end-result, the adult bone. These 


rests still retain their primitive quality and are 
able to form cartilage although they do not lie 
where cartilage normally should be. There- 
fore, it is thought, perhaps in response to 
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trauma (occurs in 60 per cent of cases) or some 
other stimulus, that these cells begin to differ- 
entiate and grow in the adult bone and a cen- 
tral chondroma results in a site where carti- 
lage should not be. 

According to some authors the myxomatous 
degeneration of an enchondroma is further 
evidence of differentiation and that it would 
be followed by the formation of bone so that 
an ecchondroma would result. This did not 
seem to be the case in this series, as no early 
bone was found in a true enchondroma regard- 
less of the amount of the myxomatous change. 
Hence, except for the fact that the ecchon- 
droma and the enchondroma basically came 
from the same primitive connective tissue 
cells for their formation, as also does adult 
bone, cartilage, and other mesenchymal struc- 
tures, they cannot be said to be associated one 
with the other in development. One does not 
develop from the other, nor is one a stage in 
the formation of the other. 

Ecchondroma. The ecchondroma occurs 
near the ends of the long bones and the ends of 
the short long bones. It does not often occur 
in the membrane bones of the face and skull. 
It does not occur in the hand with greater fre- 
quency than in any other location in the body. 

Many different hypotheses of origin have 
been formulated, but the basic one of Ges- 
chickter (9-11) seems the most plausible. He 
stated that the primitive mesenchymal con- 
nective tissue first forms a tissue layer which 
differentiates into cartilage, which is then re- 
placed by bone. The end of the tendon is also 
composed of this primitive connective tissue 
which likewise has the ability to differentiate 
into cartilage or bone. The epiphyseal end of 
the bone puts out a protuberance which is des- 
tined to unite with the primitive connective 
tissue of the end of the tendon. If this union 
is effected smoothly and the junction is ade- 
quate, it is covered with periosteum from the 
bony cortex and no tumor results. However, 
if this junction of the tendon and bone is not 
good and is irregular or misplaced, the perios- 
teum from the cortex of the bone covers only 
the bony protuberance which was to be the 
site of insertion of the tendon and does not 
blend and cover the precartilaginous end of the 
tendon. The cells of this misplaced precarti- 
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laginous end of the tendon are still undiffer- 
entiated connective tissue cells and when they 
begin growth, in response to some stimulus or 
perhaps no stimulus, an ecchondroma or oste- 
ochondroma results. This is an attempt on 
the part of these cells to form bone and takes 
the form of an articular end of bone. As a 
result, the ecchondroma has a bony base 
which, at the apex, blends with primitive car- 
tilage. The bony base is surmounted by the 
cartilaginous cap which in the outer layers is 
adult hyaline cartilage. 

Therefore, the ecchondroma is found at the 
ends of the long bones and the short long 
bones, usually on the proximal side of the in- 
sertion of a tendon and not on the bones of the 
skull and the face, such bones being membran- 
ous in origin. The ecchondroma is always per- 
ipheral (the perichondroma of Virchow) and 
never central. No correlation of ecchondroma 
with such diseases as syphilis, tuberculosis, or 
rickets was found in this series. 

Tumors of the tendon sheath. Concerning the 
origin, it seems reasonable that an ecchondro- 
ma could occur in a tendon sheath at the site 
of insertion of the tendon and arise from the 
primitive mesenchymal cells of connective tis- 
sue. It also seems reasonable that an enchon- 
droma could occur in the tendon sheath far 
from the insertion of the tendon. In 2 cases in 
the literature this occurred. In such cases it 
is thought that the cartilage cells arise from 
those of primitive synovial membrane in re- 
sponse to an adequate stimulus. 

The total number of reported cases of tu- 
mors of the cartilaginous tendon sheath still 
remains small and variable; one author (22) 
stated 12 as the number in the literature and 
another 40 (17, 19). Hence, it is difficult to 
say which occurs more commonly, the ecchon- 
droma or the enchondroma. The exact nature 
of origin of these tumors is in doubt, probably 
because of the small number of cases on rec- 
ord. It is probable that these tumors, both 
ecchondroma and enchondroma, arise from a 
primitive mesenchymal connective tissue cell 
which is associated with the synovia of the 
tendon sheath and the joint, and that they are 
capable of differentiating into either cartilage 
or cartilaginous bone in response to an ade- 
quate stimulus. 
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- SUMMARY AND CONCLUSIONS 


Cartilaginous tumors of the hand, on the 
basis of pathology, may be divided into two 
types: enchondroma and ecchondroma. The 
synonym for enchondroma is chondroma. Ec- 
chondroma is called “‘perichondroma,” “‘oste- 
ochondroma,” and “exostosis.”’ (The word 
“‘osteochondroma”’ is restricted to the ecchon- 
droma.) 

The fact that the entire group of cartila- 
ginous tumors is commonly called osteochon- 
droma has led, both in the past and in the 
present, to a great deal of confusion. It is 
better to use the terms enchondroma and ec- 
chondroma. 

Distinction between the two cannot be 
made with slide and microscope alone. 

An enchondroma is usually a small cartila- 
ginous tumor located centrally in the bone 
shaft, growing from many centers and expand- 
ing in all directions. Rate of incidence of path- 
ologic fracture in our series was 26.6 per cent. 
The enchondroma occurs much more often in 
the hand than does the ecchondroma (3:1). 
These tumors, in comparison to normal hy- 
aline cartilage, show increased vascularity, 
calcium deposition, and myxomatous degen- 
eration. 

Two tumors of the tendon sheaths were 
found, both of which were enchondromas. In 
one of these cases multiple enchondromas of 
the sheath had developed and this is good evi- 
dence that an enchondroma can occur in the 
tendon sheath away from the site of tendon 
insertion. 

The ecchondromas occur peripherally in 
bone near the end of the shaft and have a 
bony base and cartilaginous cap. 

Either type of tumor may be malignant in 
which case it is usually a sarcoma. In this 
series 2 per cent were malignant. Both types 
are prone to recur although recurrence does 
not mean malignancy unless a mitotic figure 
can be found. 

The treatment in both types is conservative 
operation. 
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STUDIES ON VAGOTOMY IN THE TREATMENT OF 


PEPTIC ULCER 


I. The Use of Insulin in Testing for Completeness of Vagotomy 


I. F. STEIN, JR., M.S., M.D., and KARL A. MEYER, M.D., F.A.C.S., Chicago, Illinois 


HE relationship of the vagus nerves 

to normal and pathologic gastric 

physiology has been studied for many 

years. The cephalic phase of gastric 
secretion mediated entirely by the vagi was 
first demonstrated by Pavlov in 1890 (1, 2) 
and later confirmed by Ivy (3) and Farrell (4). 
The copious work in this field has been sum- 
marized by review articles (5-14). 

In 1912 vagotomy was first advocated in 
man as treatment for gastric crises in tabes 
by Exner and Schwarzmann (15). In 1915 
Exner and Schwarzmann reviewed the litera- 
ture and presented 14 cases of subdiaphragma- 
tic vagotomy (16). Ingpatientsasimultaneous 
gastroenterostomy was performed for pyloro- 
spasm, decreased gastric peristalsis, and atonia. 
The variability of the anatomy of the vagus 
nerves was discussed. 

Vagotomy as a treatment for peptic ulcer 
was advocated by Stierlin, 1920 (17), Latar- 
jet, 1921 (18), Bricher, 1921 (19), and Schiassi, 
1925 (20), and has since been investigated in 
both experimental animals and man by many 
others (8, 19, 11, 14, 21-34). It has often been 
demonstrated experimentally that incomplete 
vagus section produces no significant change 
in gastric activity (8, 12, 29, 36). Wein- 
stein’s 2 attempts at complete vagotomy, re- 
ported in 1944 (37), were unsuccessful and 
led him to conclude that complete vagotomy 
in man is difficult to achieve. Prior to 1943, 
there are no reports of patients having defi- 
nite complete vagotomy. Dragstedt’s first 
report of total vagotomy in 1943 (38), and 
other papers which followed (39-53, 102) have 
caused renewed interest in the problem. It is 
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clear, from both the long clinical experience 
with partial vagotomy and the experimental 
evidence, that incomplete vagotomy is of 
little, if any, value in the treatment of peptic 
ulcer. It is therefore of great importance in 
the evaluation of vagotomy to have a method 
for testing vagus function following attempted 
complete vagus section. Two such methods 
are available, sham-feeding (36, 41) and the 
use of insulin. This paper is concerned pri- 
marily with the insulin test of vagus action on 
the stomach. 

The effect of insulin hypoglycemia on the 
stomach has been thoroughly studied. The 
increase in gastric motility following insulin 
hypoglycemia was first demonstrated by Bu- 
lato and Carlson (54) in 1924 and has since 
been investigated by many others (55-69). 
The effect of insulin on gastric secretion was 
originally thought to be inhibitory by Col- 
lazo (70), but no inhibitory effect was noted 
by Ivy (71) and Wwendensky (72). The stim- 
ulating effect of insulin hypoglycemia on 
gastric acidity was first noted by Detre and 
Sivo (73) in 1925 and later confirmed by 
others (74-89). The mechanism of action was 
considered a central vagal effect by Quigley 
(58), Okada (81), Boldyreff (85), Mulinos 
(66), and Babkin (12). The abolition of this 
stimulatory effect by vagotomy was described 
by Okada (81), LaBarre (83), Babkin (12), 
and Jemerin (36). Thus insulin provokes in- 
creased gastric motility and secretion by hypo- 
glycemic stimulation of the vagal center, and 
this action is abolished by complete vagotomy. 


METHOD 


The basic method which we have employed 
was first described in man by Simici in 1927 
who reported the effect of 15 units of insulin 
intravenously on both the motility and secre- 
tion of the stomach in 20 normal subjects (57, 
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76). Jemerin (36), Dragstedt (41), Thornton 
(44), and Hollander (89) have used the acid re- 
sponse to insulin hypoglycemia as test for com- 
pleteness of vagotomy. 

Our procedure was as follows: The subject 
was given a standard soft diet at 4:30 p.m. 
and nothing by mouth thereafter. A Levine 
tube was passed through the nose into the 
stomach at 7:30 p.m. and the stomach emp- 
tied. Continuous intragastric suction was 
maintained from 8 p.m. until 8 a.m. for a de- 
termination of the night secretion. The de- 
termination of night secretion is not an inte- 
gral part of the insulin test, but preceded the 
test in the majority of our cases. At 8 a.m. a 
second tube with a rubber balloon attached 
was passed into the stomach. The balloon 
capacity was about 200 cubic centimeters but 
in order to avoid mechanical stimulation, only 
10 to 50 cubic centimeters of air were used in 
the balloon during the test. The balloon was 
placed in the cardia of the stomach, and its 
position confirmed by inflation and gentle 
withdrawal of the attached tube until there 
was a slight tug as the balloon reached the 
cardiac sphincter of the stomach. By this 
means it was assured that the balloon was not 
in the pylorus where it might cause mechanical 
stimulation. The balloon was then only par- 
tially inflated and connected to a water man- 
ometer. Continuous recordings were made on 
a slowly moving kymograph. 

A control period of basal secretion and mo- 
tility was then observed for at least 1 hour. 
The stomach was aspirated continuously and 
a specimen collected at 15 minute intervals 
for acid determination. If the acidity of the 
stomach showed marked spontaneous decrease 
or increase the basal period was extended 
until a fairly constant level was reached. 
Then 14 to 16 units of regular insulin were 
injected intravenously, and the effect on mo- 
tility and acidity was noted for 1% to 2 
hours. Blood sugar determinations were not 
made during the preoperative tests, but in 
each instance a determination was made at 
the height of the hypoglycemia during the 
postoperative tests as a control. If moderate 
hypoglycemic symptoms did not occur, the 
injection of 15 units of regular insulin intra- 
venously was repeated at the end of 114 hours. 
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If the blood sugar did not fall to or below 55 
milligrams per cent during the postoperative 
test, the test was repeated. 


RESULTS 

Twenty-seven patients with peptic ulcer 
have been tested before and after vagotomy 
by the method described. An average of 10 
hours of motility tracings was made on each 
patient. An additional 3 patients had only 
acid determinations as described, making a 
total of 30 patients. 

Acid response. An average preoperative 
curve of 22 comparable patients with duo- 
denal ulcer is shown in Figure 1. (The acid 
response in patients having had previous gas- 
tric resection was inconstant and is not in- 
cluded in the composite curve.) There was 
usually an early decrease in the free acid level 
following the insulin injection. This fact is 
obscured in the composite curve (Fig. 1) for, 
although the majority had maximal decrease 
at 30 minutes following insulin, 3 patients 
had a marked increase in free acid at 30 min- 
utes with maximum depression at 15 min- 
utes. The increase in free acid was usually 
noted between 45 minutes and 1 hour, start- 
ing at the height of the hypoglycemic reaction. 
In 3 instances there was no hypoglycemic 
reaction nor acid response. The test was re- 
peated after 114 hours with the usual re- 
action. One patient had a severe insulin re- 
action requiring intravenous glucose, and in 
this instance only the inhibitory phase was 
noted. The test was repeated the following 
day with the usual reaction. Thus, it was 
possible to elicit a definite positive response 
in all cases preoperatively although in some 
instances the test had to be repeated before a 
positive response occurred. 

Ten days to 2 weeks after operation, 18 
of the 22 patients showed no acid response to 
insulin hypoglycemia. These are considered 
to have had complete vagotomy. In 12 the 
free acid was zero during both the basal period 
and following insulin hypoglycemia. In 3 
cases there was a higher basal level than in 
the above group, and following hypoglycemia 
a marked acid response was observed. These 
are considered to be cases of incomplete 
vagotomy. On 3 occasions 1 of the 22 pa- 
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Fig. 1. The effect of insulin on gastric acidity before and after vagotomy. 


tients, whose postoperative curve is not shown 
on Figure 1, showed a doubtful reaction, being 
midway between the group listed as complete 
and incomplete. 

For analysis of results, the response to in- 
sulin hypoglycemia may be considered the 
maximum response to insulin in a 15 minute 
period minus the maximum secretion in a 
15 minute period of basal secretion. 

The preoperative response to insulin in 22 
patients averaged 53 clinical units of free 
acidity with a range of 17 to g5 clinical units. 
(The average was 3.7 milliequivalents of hy- 
drochloric acid per 15 minutes with a range 
of .8 to 6.9 milliequivalents.) 

The postoperative response to insulin in the 
18 patients considered to have complete vagus 
section was zero. 

The postoperative response to insulin in 
the 3 patients considered to have incomplete 
vagus section averaged 40 clinical units of free 
acidity with a range of 34 to 47 clinical units. 
(The average was 5.1 milliequivalents per 
15 minutes with a range of 4.6 to 5.5 millie- 
quivalents. ) 

The patient in whom completeness of the 
vagotomy was considered doubtful had a 
high basal secretion level. The response 


which followed insulin hypoglycemia was 
equal to, but did not exceed, the control 
basal level. 


Motor response. All 27 patients before sur- 
gery showed spontaneous type I and occasion- 
ally type II or III hunger contractions (go) 
(Fig. 2). If the insulin was given during a 
period of gastric activity, there was an imme- 
diate suppression of hunger contractions. This 
lasted from % to 11% hours and was followed 
by a period of hypermotility in the majority 
of cases. In a few instances the motility pat- 
tern following insulin was similar to the con- 
trol period and did not show hypermotility. 
There was no constant correlation between 
the onset of hypoglycemia and that of the 
hypermotility, nor was the onset of the se- 
cretory response correlated in any constant 
manner with the motor response. After sur- 
gery, 24 of 27 patients tested, showed no hun- 
ger contractions during either the control 
period or following insulin hypoglycemia (Fig. 
3). The motility tracings showed tonus rhythm 
but no type I, II, or III hunger contrac- 
tions. An increase of the fasting period to 22 
hours before the insulin test in 7 cases had 
no effect on the motility. These patients all 
had a negative acid response following hypo- 
glycemia. 

Two of the 3 patients classed above as 
having had incomplete vagotomy on the basis 
of the acid response showed spontaneous type 
I or II hunger contractions postoperatively 
during the basal control period after 16 hours 
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of fasting. The third patient had type I 
hunger contractions following insulin hypo- 
glycemia. 

The patient in whom completeness of the 
vagotomy was classified as doubtful did not 
demonstrate definite hunger contractions af- 
ter operation. 

Eight patients who were considered to have 
complete vagus section were tested 3 to 9 
months following vagotomy. The results 
were similar to the early postoperative tests 
with 1 exception. This patient had had a 
transabdominal vagotomy and posterior gas- 
troenterostomy g months previously for duo- 
denal ulcer with negative response to the 
insulin test 11 days postoperatively. Mild 
ulcer symptoms had returned 3 weeks before 
testing. Insulin test showed a positive acid 
response and both spontaneous and insulin 
induced type I and II hunger contractions. 

In summary, of the 30 patients tested, in 5 
vagus section was incomplete, in 2 completeness 
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Preoperative insulin test—motility tracing showing spontaneous and insulin induced hunger contractions. 


was doubtful, and in 1 vagal function had 
recurred after a period of 9g months, i.e., in 
8 patients vagotomy was incomplete or com- 
pleteness was doubtful. Four of these 8 patients 
have had recurrence of ulcer symptoms. 


DISCUSSION 


For many years the action of insulin on 
acidity and motility of the stomach was con- 
troversial. This controversy is explained by 
the diphasic action of insulin on the stomach 
(57, 62, 65, 66, 68, 69, 76, 82, 87). 

This action has been noted in the pre- 
operative studies, i.e., an initial decrease in 
acidity and motility is followed by marked in- 
crease in the acid and usually motility. 

It has been frequently demonstrated that 
following complete vagotomy in experimental 
animals, hunger contractions are present al- 
though they may be diminished (go-97). 

Decreased gastric motility with normal or 
decreased hunger contractions have been 
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Fig. 3. Postoperative insulin test—motility tracing showing no spontaneous or insulin induced hunger contractions 


following complete vagotomy. 


noted in man after vagotomy (43, 44, 49, 52). 
Our findings indicate that after complete 
vagotomy there is an absence of hunger con- 
tractions in the fundus of the stomach. This 
difference in findings may be due either to 
the location of the balloon in the stomach, or 
to mechanical stimulation of motility by dis- 
tention of the balloon. In order to avoid 
mechanical stimulation, in our tests the bal- 
loon was only partially filled, using 10 to 50 
cubic centimeters of air. The absence of spon- 
taneous or insulin induced hunger contrac- 
tions in the fundus of the stomach in man fol- 
lowing complete vagotomy, as compared to 
experimental animals, may be explained on 
the basis of a difference in vagal function 
in the two species. It is possible that this may 
also be related to the fact that man is subject 
to peptic ulceration, a condition rarely seen 
spontaneously in experimental animals. 
Gastric motility and acidity are subject to 
marked spontaneous variations. It is there- 





fore essential to know the status of the gas- 
tric activity before a test of gastric function is 
started. The period of at least 1 hour before 
insulin is given serves as a control and is 
designated basal secretion (98-101) and motil- 
ity. After vagotomy, a small amount of 
spontaneous acid secretion during the basal 
period will tend to nullify the significance of a 
similar amount following insulin hypoglycemia. 
INTERPRETATION OF POSTOPERATIVE RESULTS 

The presence of acid response to insulin 
hypoglycemia and of spontaneous or insulin 
induced hunger contractions in the fundus of 
the stomach is positive evidence of incom- 
plete vagotomy. The acid response to insulin 
hypoglycemia in cases of marginal ulcer fol- 
lowing gastric resection may be unreliable 
due to the previous removal of acid producing 
mucosa. Motility studies in these cases before 
and after vagotomy, in which both sponta- 
neous fasting motility and that induced by in- 
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sulin hypoglycemia are observed, are partic- 
ularly useful as an indication of complete or 
incomplete vagus section. Such studies have 
been made in 5 patients, 1 of whom showed 
spontaneous type I, II, and III hunger con- 
tractions following vagotomy indicating in- 
complete vagus section. In this case the hun- 
ger contractions were abolished by a second 
vagotomy to indicate complete vagus section. 

The absence of acid response to insulin 
hypoglycemia and of spontaneous or insulin 
induced hunger contractions may be indica- 
tive of complete vagotomy. However, the 
following factors must be considered. There 
must be a sufficient degree of hypoglycemia to 
produce central stimulation of the vagus. The 
hypoglycemia must not be too profound or 
there may be no vagal stimulation. 

We have no positive evidence that a phys- 
iologically complete vagotomy, as shown by 
a negative insulin test, corresponds exactly 
to a complete anatomical vagotomy. The pa- 
tient who tested “complete” after vagotomy 
and “incomplete” 9 months later may have 
had regeneration of the nerves. However, 
a very small percentage of fibers may have 
remained which did not show function when 
first tested but which have assumed the func- 
tional innervation of the entire stomach. 

Anatomical studies have been made in 2 
cases. One patient died on the 8th postopera- 
tive day of cardiac failure, uremia, and lower 
nephron nephrosis following a blood transfu- 
sion reaction. Careful dissection of the vagi 
showed grossly an approximate 99 per cent 
vagotomy. There were 2 nerve fibrils which 
branched from the left vagus into the esopha- 
gus. It could not be ascertained with certain- 
ty if these small nerves reached the stomach. 
No insulin test was done on this patient. 

A second patient died of bronchopneumonia 
(unassociated with the vagotomy) 3 months 
after surgery. The postoperative insulin test 
was negative. Grossly, there appeared to be 
nerve fibers connecting the cut ends of the 
main nerve trunks (identified by silver clips 
placed at surgery). 


SUMMARY 


Incomplete vagus section has little effect 
on gastric physiology and is of no permanent 
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value in the treatment of peptic ulcer. In or- | 
der to evaluate vagotomy it is essential to de- 
termine whether complete vagus section has 
been accomplished. Insulin provokes in- 
creased gastric motility and acidity by hypo- 
glycemic stimulation of the vagal center. 
This action is abolished by complete vagoto- 
my. The literature has been reviewed and a 
method for testing vagal continuity described. 
Criteria for the interpretation of the insulin 
test are discussed. 
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THE ROLE OF TRANSVAGINAL ROENTGENTHERAPY IN 


THE TREATMENT OF CARCINOMA OF THE CERVIX 


J. A. DEL REGATO, M.D., Columbia, Missouri 


RANSVAGINAL roentgentherapy 

has acquired a definite position in the 

treatment of carcinoma of the cervix; 

judiciously employed, it is a valuable 
adjunct of the external pelvic irradiation and 
is capable of replacing, with certain advan- 
tages, the classic methods of intracavitary 
curietherapy. 

Transvaginal irradiation with roentgen rays 
was tried by many of the pioneers of radio- 
therapy, before radium became widely avail- 
able. Caldwell and Pennington designed spe- 
cial tubes for the purposes of this and other 
transorificial irradiations. Allen pointed at 
the usefulness of this approach but recognized 
the necessity of adjunctive external irradiation 
in most cases of carcinoma of the cervix. 
Pusey, Duncan, and others observed and re- 
ported favorable results. Stuver described 
vividly the elaborate procedures of one of these 
early trials. Tousey recommended the useful- 
ness of the Ferguson specula. 

The inadequacy of equipment and dosime- 
try, as well as a lack of understanding of radio- 
physiology of tumors often led these early 
attempts to failure and disillusionment, and 
publications on the subject ceased, almost 
abruptly. With a few exceptions (Dachtler) 
continued trials of transvaginal irradiation of 
carcinoma of the cervix passed unpublished. 
(Chance treated successfully several patients, 
one of which is reported living 40 years after 
treatment.) With the development of tech- 
niques of curietherapy and progressive im- 
provement of results, transvaginal roentgen- 
therapy was almost entirely forgotten. 

In 1921, Merritt made an attempt to revive 
this form of treatment but rapidly abandoned 
it because of the hazards associated with high 
tension leads and unprotected tubes. With the 
advent of shockproof equipment Merritt, from 
1937 on, became the forceful advocate of trans- 
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vaginal roentgentherapy. Abroad, Martius 

seems to have been the only persistent sup- 

porter of this form of adjunctive treatment. 
THE PURPOSE 

In the majority of cases of carcinoma of the 
cervix, a thorough external irradiation is the 
most important single factor leading to per- 
manent control. But the external irradiation 
is seldom sufficient to the task of sterilizing the 
tumor. The diminution of secondary infection 
and inflammation and the diminished dimen- 
sions of the tumor area, resulting from the 
external pelvic irradiation, make it possible for 
the internal phase of the treatment to achieve 
the destruction of the remnant of the tumor. 
The internal treatment compensates for the 
insufficient total dose and rather weak daily 
dose received by the remaining carcinomatous 
cells. A skilful application of radium, in the 
uterus and in the vagina, succeeds in controll- 
ing the residual tumor in an appreciable num- 
ber of cases. We have no quarrel with this 
classic form of treatment that could yet yield 
better results. The question before us is 
whether transvaginal roentgentherapy can 
achieve the same purposes with less disad- 
vantages and whether or not it can improve 
upon the results of curietherapy of carcinoma 
of the cervix. 

Transvaginal roentgentherapy has been used 
to substitute the vaginal application of radium 
only, while retaining the intrauterine applica- 
tion (Martius, Taylor). This procedure has 
unquestionable merits since it is the vaginal 
application of radium that is most often in- 
adequate for several reasons. We have pre- 
ferred to substitute entirely the vaginal and 
uterine radium applications in order better to 
evaluate the merits of transvaginal roentgen- 
therapy. 

Transvaginal roentgentherapy may result in 
a relatively more homogeneous distribution of 
radiations throughout the cervix and adjacent 
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structures than is obtained with the use of 
radium. Consequently, the sterilization of 
carcinoma that is limited to this area can be 
accomplished with a lesser volume dose; this 
fact results in a widening of the margin of 
safety between the necessary destruction of 
the tumor and the untoward injury of normal 
structures. In the treatment of carcinomas 
arising on a cervical stump, the impossibility 
of introduction of an intrauterine radium ap- 
plicator hampers the chances of a successful 
curietherapy ; transvaginal roentgentherapy is 
the treatment of choice in such cases. 

Following external treatments, the irradia- 
tion of a single wide circular field, including 
the cervix and fornices, and permitting the 
irradiation of adjacent portions of the para- 
metria, is most satisfactory (Fig. 1). This 
method permits the daily intolo irradiation of 
the potentially neoplastic area. It is true that 
with the use of a single field, the dose that 
could be expected to be effective extends only 
partially into the parametria, but when trans- 
vaginal roentgentherapy has been preceded by 
external irradiation the area of combined effec- 
tiveness may extend as far as the pelvic wall. 

Wasson and Bouslog have advocated a tech- 
nique of transvaginal roentgentherapy consist- 
ing in the irradiation of the cervix through four 
adjacent circular fields and a central one over- 
lapping these four. This segmental (clockwise) 
irradiation finds justification in its attempt to 
irradiate more intensely the parametrial re- 
gions, but its use implies obvious inaccuracies. 
Based upon an experimental study of the 
physical distribution of radiations, Erskine 
(1947) advocates the use of four adjacent rec- 
tangular fields (2.5 by 3.5 cm.) for the irradia- 
tion of the cervix and fornices. 

Nolan and Stanbro have made a very com- 
mendable physical study of the distribution of 
radiations throughout the pelvis in transvagi- 
nal roentgentherapy, but this study did not 
take into account the combined effectiveness 
of the external and internal irradiations. Al- 
though they do not draw this conclusion, No- 
lan and Stanbro’s work may suggest to others 
that the use of multiple small circular fields is 
preferable since it may extend further out the 
theoretically effective dose. This apparent 
advantage loses its weight when one considers 
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Fig. 1. The irradiation of a single field through a trans- 
parent speculum permits the inclusion of the cervix and 
adjacent areas. 


that the plane of lateral extension of a tumor 
cannot be estimated with any degree of accept- 
able precision, since human anatomy and tu- 
mor spread are variable. The treatment of a 
wide neoplastic zone by means of blindly di- 
rected narrow beams of radiations can seldom 
be expected to achieve the all-inclusive irradia- 
tion that is required for the sterilization of the 
tumor. A revision of this opinion will be jus- 
tified, however, if the results obtained by 
Wasson and Erskine prove the superiority of 
their mature judgment and methods. 


THE APPARATUS 
Schaefer and Witte designed a roentgen-ray 
tube that can be introduced into the vagina to 
accomplish an intensive irradiation of the cer- 
vix. An improved version, reported by Mar- 
tius and Witte, deserves further trial. These 
tubes, however, generate a beam of low qual- 









Fig. 2. Vaginal speculum with metal head, plastic shaft 
transparent to radiations and plunger to facilitate intro- 
duction. 


ity resulting in poor distribution of radiations 
throughout the tumor. The same is true of 
the better known contact-therapy units. 

Transvaginal roentgentherapy can be carried 
out satisfactorily with standard roentgen-ray 
units. In the past, units of 200 kilovolts have 
been preferably used for this purpose (Merritt, 
Wasson), since they offer the unquestionable 
advantage of a beam of better quality and a 
greater homogenity of distribution of radia- 
tions in the potentially diseased area than is 
obtained with lower voltages. Yet the work 
with 200 kilovolt units imposes a long target- 
cervix distance and results in greater penetra- 
tion than is desirable, with consequent over- 
irradiation of the bowel. It is for these reasons 
that we decided to experiment with lower vol- 
tages, which permit a shorter distance and a 
greater dispersion of the beam of rays. 

We hold the opinion that the internal treat- 
ment in carcinoma of the cervix is nothing but 
a complement of the external irradiation in the 
majority of cases; consequently, we feel that 
transvaginal roentgentherapy should attempt 
only to counteract the deficiencies of the ex- 
ternal irradiation (in total and daily dose) in 
the center of the tumor area. This step can be 
accomplished with moderately penetrating ra- 
diations. All patients reported in this paper 
were treated with a 110 kilovolt unit at 25 
centimeter target-cervix distance; at present 
we are treating our patients with a 140 kilovolt 
unit and with 0.5 millimeter copper filtration. 



















THE SPECULA 





As a means of facilitating the passage of 
radiations through the vagina, Merritt recom- 
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Fig. 3. Cross section of tube-head and speculum, illus- 
trating the widening of the field toward the distal end of the 
speculum. 


mended the introduction of a rubber balloon 
that when inflated kept the vaginal walls from 
collapsing; he also utilized glass tubes (made 
out of urine specimen bottles), but finally 
adopted the more convenient Ferguson hard- 
rubber or bakelite specula. 

Erskine made an ingenious contribution 
with the introduction of a metal speculum with 
expanding blades. This speculum is useful in 
the treatment of early lesions but it fails in its 
purpose if applied in the treatment of ad- 
vanced ones for it may provoke bleeding and 
pain. When transvaginal roentgentherapy has 
been preceded by external irradiation, the 
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Fig. 5. 


Fig. 4. A specially fitting metal apron protects the rectum from overirradiation; 
a similar one can be introduced for protection of the bladder. 
Fig. 5. Tube-head piece fitting tightly with the speculum. 


Fig. 6. 
Fig. 6. Patient in lithotomy position for transvaginal ir- 
radiation. Inclination of the table aJlows the intestines to 
fall out of the pelvis. 


cicatricial shrinkage and the mucosal tender- 
ness forbid any attempt of expansion of the 
vaginal walls. 

Wasson has preferred the use of an all metal 
tube permitting the irradiation of a small cir- 
cular area. His vaginal tube is very similar to 
a rectoscope and allows for the insufflation of 
the vagina for better visualization and aiming 
of the beam. 

During my association with Merritt, for the 
purposes of this study, I designed a speculum 
that avoids the irradiation of the introitus 
while permitting the expansion of the beam of 
rays through a shaft transparent to radiations 
(Figs. 2 and 3). In its present form the use of 
this speculum results in the irradiation of a 
circular field that opens to 6 centimeters in 
diameter at the level of the cervix; the pro- 








Fig. 7. Fig. 8. 


Fig. 7. Speculum in place. 
Fig. 8. The speculum is kept in place during irradiation 
by specially fitting tube-head piece. 


tection of the rectum or bladder is facilitated 
by removable metal aprons placed within the 
shaft of the speculum (Fig. 4). The specula 
are shaped to fit tightly in a special tube-head 
piece that keeps the speculum in place during 
the irradiation (Figs. 5, 6, 7, and 8). For the 
requirements of our work we use a set of three 
specula with different diameters (3.6, 3.8, and 
4 cm.) and removable shafts of three different 
lengths for each of these specula. 


THE TECHNIQUE 


Following a course of external pelvic roent- 
gentherapy, lasting approximately 6 weeks, 
our patients receive their course of transvagi- 
nal irradiations without interval of rest. Dur- 
ing this period the moist radioepidermitis of 
the skin which has resulted from the external 
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treatments is rapidly healed under carefully 
supervised dressing care. The patients are put 
in lithotomy position, with marked inclination 
of the table to allow the intestines to fall out of 
the pelvis (Fig. 6). In each case the largest 
and longest speculum that can be introduced 
is chosen; this is facilitated by the use of an 
anesthetic ointment. The beam of rays is 
directed toward the side of invasion when this 
is unilateral. In general, 10 consecutive treat- 
ments of 400 roentgens, or a total of 4,000 
roentgens in 11 days (measured in air at the 
level of the cervix) were given to the patients 
reported in this paper. The total dose is in- 
creased or decreased, depending on the calcu- 
lated effectiveness of the external irradiation 
on the tumor area. We give all our patients, 
irrespective of the extension of their lesions, a 
course of external and internal irradiations. 
It is permissible and economical, however, to 
forego the protracted external irradiations in 
early cases, when the lesions appear confined 
to the cervix. When this is done an increase in 
the total dose administered per vaginam is 
indicated. Merritt and Caulk reported 15 
survivals of 3 years or more in a series of 20 
patients with stage I lesions that were treated 
with transvaginal roentgentherapy alone. 

In the 2 to 3 weeks that follow this irradia- 
tion the upper half of the vaginal mucosa be- 
comes tender and covers itself with a diph- 
teroid false membrane; this radioepithelitis of 
the vaginal mucous membrane is the cause of 
some discomfort but it is rapidly healed under 
daily, slightly acid douches. In very few cases 
a marked pollakiuria may be present for a few 
days but rapidly disappears. We have noted 
no instance of tenesmus attributable to the 
transvaginal treatments. 


THE COMPLICATIONS 


The infectious complications that are com- 
monly observed in the course of carcinoma of 
the cervix frequently result in the interruption 
and failure of treatment; these infectious com- 
plications are exacerbated at the time of ra- 
diumtherapy, because of the trauma of dilata- 
tion of the cervical canal and the necessity of 
vaginal packing during the treatment. Trans- 
vaginal roentgentherapy entirely eliminates 
these disadvantages. Of the 76 cases reported 
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here, only 2 presented infectious complica-. 
tions: it was the case of patients with advanced 
invasion of the bladder who presented a per- 
sisting elevation of temperature during the 
course of external treatments, but there was 
no necessity of interruption of treatments on 
this account. 

The use of our speculum has eliminated the 
possibility of necrosis of the vulva which may 
occur when Ferguson specula are used. Two 
patients presented, shortly after treatments, a 
superficial radionecrotic ulceration of the vagi- 
nal vault that rapidly healed under proper 
care. A narrowing and shortening of the 
vagina gradually follows the irradiation, par- 
ticularly when the vaginal wall is invaded. In 
some cases complete vaginal atresia results. 

The intestinal complications which may oc- 
cur following radiotherapy for carcinoma of 
the cervix can be ascribed to the intensity of 
the external irradiation rather than to the 
internal treatment. However, since it may be 
justly claimed that both phases of the treat- 
ment co-operate to this effect, we give here a 
succinct account of the bowel complications in 
this group of cases. About 15 per cent of the 
patients treated complained of bloody stools, 
mostly during the second year following treat- 
ments; in a few of these cases there was inter- 
mittent lower abdominal pain (‘gas pains’’) 
and symptoms of moderate bowel obstruction. 
In the majority of these patients, the prolonged 
administration of sulfasuxidine was sufficient 
to arrest the symptoms and, in all probability, 
averted more serious developments. In one 
case of marked bowel obstruction an entero- 
enterostomy resulted in relief of obstruction 
and recovery; in another similar case pro- 
crastination resulted in the necessity of bowel 
resection and failure. -These 2 patients pre- 
sented fibrinous peritoneal adhesions around 
the loops of the terminal ileum which resulted 
in edema, obstruction, and bleeding. As a 
result of these adhesions, rather than as a 
consequence of direct action of radiations, 
necrosis had developed in the second of these 
cases. This experience suggests that a diminu- 
tion of dosage may not necessarily avoid this 
complication but that early surgical interven- 
tion can easily solve it. Another patient pre- 
sented a marked rectal stricture and necessi- 
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‘tated a permanent colostomy ; she remains free 


of cancer. 

Bowel complications following radiotherapy 
of carcinoma of the cervix are neither constant 
nor fatal, provided that adequate medical or 
surgical attention is given in time. While an 
attempt should be made to avoid excessive 
irradiation, through adequate evaluation of 
doses administered, the adoption of a tech- 
nique of treatment that will with certainty 
avoid these intestinal complications will result 
in too marked a reduction of the proportion 
of cases that are controlled. 

Two patients developed an episode of hema- 
turia and pollakiuria approximately 18 months 
following treatments. In both instances the 
symptoms subsided without complication. No 
other urinary complications have been noted 
after treatment. 

Although 12 of the treated patients pre- 
sented invasion of the bladder or rectum, only 
in 1 case did a rectovaginal fistula develop dur- 
ing the course of external irradiation. There 
have been no other fistulas. Three patients 
who presented evidence of bladder invasion as 
demonstrated by cystoscopy (and in 1 case by 
biopsy) are at present free of disease and with- 
out development of vesicovaginal fistula. The 
more homogenous distribution of radiations 
that results from transvaginal roentgenther- 
apy, and the slow and uniform atresia of the 
upper vagina that invariably follows, are prob- 
ably responsible for the low incidence of fistu- 
las—another desirable feature of transvaginal 
roentgentherapy. 


THE RESULTS 


The only available statistic of 5 year results 
after transvaginal irradiation is the recently 
reported one by Merritt and Caulk who ob- 
tained 95 survivals (32 per cent) in a series of 
294 patients, in all stages, that were treated; 
this series, however, included numerous in- 
stances of association with radium therapy. 
Of 23 cases of carcinoma of the cervix stage IT 
that were treated with external irradiation, 
intracavitary curietherapy, plus transvaginal 
roentgentherapy, 12 patients (52 per cent) 
survived 5 years. 

From February 1943 to June 1944, 76 pa- 
tients with carcinoma of the cervix, not pre- 
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TABLE 1.—ANALYSIS OF 3 YEAR RESULTS OF 
EXTERNAL PELVIC ROENTGENTHERAPY FOL- 
LOWED BY TRANSVAGINAL ROENTGENTHER- 
APY, IN 76 CONSECUTIVE CASES OF CAR- 
CINOMA OF THE CERVIX 


a | | wen | 


; | 
‘ Number! y= gd |Living| Dead pote} | without | Per 
Stage ° | cement with with "ys symptoms | ont 

. ; cl are iaitaieeeail - c 
patients | giceases [Cancer| cancer* | wonths | 3 years 
or more 
I a ae 4 | 2 6 
II 30 | 3 } 1 12 17 14 
Ill wt. TS 7. 16 | 11 

Sib =n em a | : 

IV 14 | I : | 9 | 3 3 | 
en oe ae a : ; 

Total 76 «(| 4 | 3 I 35 | 34 | 44 








*or in circumstances not permitting an assurance to the contrary. 


viously treated, applied for admission to The 
Ellis Fischel State Cancer Hospital; no patient 
was rejected and all but 2 with advanced dis- 
ease received a complete external irradiation 
followed by transvaginal roentgentherapy. 
Radium was not used in any case. 

Four of these patients died of intercurrent 
disease and without signs of recurrence, before 
3 years had lapsed following treatment. Three 
other patients are at present living with ap- 
parent recurrences or metastases. Thirty-five 
patients have died of cancer or in circumstances 
that do not permit the assurance that cancer 
was not the cause of death. A report of the 
absolute number of local recurrences is not 
possible, since the majority of these patients 
were not seen by us in the terminal stages, but 
the majority of them died without vaginal 
ulceration, bleeding, or discharge. Twelve of 
these patients presented evidence of distant 
metastases. It is our clinical impression that 
most of them succumbed to the development 
of parametrial or extrapelvic recurrences or 
metastases, without local recurrence. The 
average survival of these 35 patients was 14 
months, but the survival was longer the earlier 
the stage of the disease (Table I). The length 
of survival of these patients and the elimina- 
tion of infected bleeding ulcerations justifies 
the undertaking of treatment of all patients 
that apply. 

In 2 patients treated for a stage III car- 
cinoma of the cervix a postmortem examination 
revealed no evidence of carcinoma in the pel- 
vis, in spite of a very zealous search (several 
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dozen microscopic sections) by our patholo- 
gist, Dr. Lauren V. Ackerman. By contrast, 
diffuse pelvic recurrences in addition to distant 
implants were found in necropsies of 2 other 
patients treated in the first stage of the disease. 

Thirty-four patients, or 44 per cent of the 
total number of patients who applied for treat- 
ment, remain well and without symptoms of 
recurrence after a minimum control of 3 years. 
Since some of these patients (4 to 7 according 
to probability) may recur in the next 2 years, 
no attempt should be made to compare these 
results with 5 year statistics from other sources. 


CONCLUSIONS 


Transvaginal roentgentherapy is a valuable 
adjunct of the external pelvic irradiation in 
the treatment of carcinoma of the cervix. It is 
the treatment of choice of carcinomas of the 
cervical stump. Lesser infectious and urinary 
complications, a low incidence of fistulas, and 
an apparent reduction in the proportion of 
local recurrences are the main advantages; in 
addition, this form of treatment does not re- 
quire hospitalization. A 3 year symptom-free 
survival of 44 per cent has been obtained in a 
group of 76 patients who applied for treatment. 
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CONTRIBUTIONS OF ANIMAL EXPERIMENTATION TO 


THE TREATMENT OF SURGICAL SHOCK 


DALLAS B. PHEMISTER, M.D., F.A.C.S., Chicago, Illinois 


EXT to anesthesia and antisepsis, 
perhaps no other single factor has 
contributed more to the advance- 
ment of modern surgical therapy 

than the introduction of efficient methods of 
prevention and treatment of shock. In this 
development the contributions of animal ex- 
perimentation have been of very great im- 
portance. 

When it became possible, with anesthesia 
and antisepsis, to operate painlessly and ob- 
tain wound healing with a low incidence of 
infection, all fields of the body were gradually 
invaded by the surgeons, and operations of 
greater magnitude were introduced. This in- 
creased the frequency and amount of blood 
loss and correspondingly the frequency and 
severity of circulatory disturbance accom- 
panying operations. Also as surgery was ex- 
tended to structures within or bordering on 
the abdominal cavity, increased difficulty was 
encountered postoperatively in the adminis- 
tration of water and food by mouth, and there 
was greater loss of fluid from vomiting than 
before. Both accidental surgical and war 
wounds posed similar problems of loss of blood 
and body fluid and of inadequate fluid intake. 

During the first decade of the antiseptic era 
and in most quarters for many years there- 
after, the causation of surgical shock was in- 
adequately appreciated. This was because the 
medical profession was so deeply imbued with 
the age old idea that shock was a state of 
marked depression brought on principally by 
lowering of the blood pressure through either 
psychic or afferent nervous reflex action. Also 
treatment, aside from hemostasis, was then 
directed mainly toward overcoming the nerv- 
ous depression by rest, wrapping in blankets, 
the giving of stimulants and hot drinks and 
the application of heat externally. 

The administration of fluids for the purpose 
of increasing the circulating blood volume and 
the body fluids of the tissues at that time 
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received remarkably scanty consideration in 
terms of future developments. In 1831 Thomas 
Latta established the feasibility of administer- 
ing fluids parenterally. He treated cholera pa- 
tients in a state of collapse and dehydration 
by the intravenous injection of large amounts 
of salt solution with striking temporary im- 
provement and an occasional recovery. How- 
ever, there was little attempt to extend the 
field of usefulness of this procedure for nearly 
50 years during which time there was no re- 
port of the use of saline infusion in the treat- 
ment of a failing circulation from hemorrhage. 

In 1879 Kronecker and Saunder (23) pub- 
lished a report entitled “Observation of the 
Life Saving Transfusions of Dogs with an In- 
organic Salt Solution” which was so brief and 
convincing and had such far-reaching bene- 
ficial results that it is entitled to rank as a 
classic in support of animal experimentation. 
A translation from Die Berliner klinische Wo- 
chenschrift of 1879, vol. 16, p. 767, follows: 

“During some transfusion experiments which were 
undertaken for special physiological purposes, we 
made the noteworthy, perhaps practically useful, ob- 
servation that a solution of 6 gm. of NaCl and 0.05 
gm. NaOH in 1 L. of water such as Gaule used for 
animation of frogs’ hearts rendered powerless by 
pure salt solution (Kronecker) is capable of sustain- 
ing the life of a dog threatened by great blood loss. 

“Two experiments were carried out in the follow- 
ing manner: A carotid artery was severed and as 
much blood allowed to escape as would flow out. The 
first dog, weighing about 13 kgm., lost 600 gm. of 
blood or about 60% of the total blood volume. The 
second dog, weighing about 7 kgm., lost 275 gms. of 
blood or 50% of the total blood volume. Since the 
cardiac action was then very weak in both animals, 
they were given as much alkaline salt solution as 
they had lost of blood. Both dogs recovered com- 
pletely and rapidly, and several days after the opera- 
tion all traces of effect of the hemorrhage had disap- 
peared. Cats appear not to tolerate transfusions of 
this solution.” 


Two dogs, bled out from a divided carotid 
artery and then transfused with an amount of 
salt solution equal to the blood loss, recovered 
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completely and rapidly! This news, published 
in a leading medical journal at a time of fever- 
ish development in the new era of antiseptic 
surgery, aroused great interest. It led to 
further animal experimentation on the effects 
of various parenterally administered fluids and 
blood upon the circulatory failure produced 
by hemorrhage. 

In the same year, Jolyet and Laffond pub- 
lished an article on the effects of intravenous 
injections of salt solution on exsanguinated 
animals, with similar findings. In 1881 
Schwarz reported favorable results in the 
treatment of shock produced by hemorrhage 
in a large number of dogs and rabbits with a 
solution of 0.6 per cent sodium chloride and 
0.1 per cent of sodium bicarbonate in water 
given intravenously and recommended its use 
in the treatment of shock from hemorrhage in 
man. Cohnheim treated hemorrhage in dogs 
with much greater success by transfusion of 
dogs’ blood than by intravenous infusion of 
salt solution. This, and other reports of ani- 
mal experiments, cast doubt on Kronecker and 
Saunder’s work and caused Kronecker (22) to 
reply, with additional animal experiments in 
support of saline therapy for the treatment of 
hemorrhage. 

The experiments of Kronecker and Saunder, 
Jolyet and Laffond, and Schwarz attracted the 
attention of clinicians who soon began to use 
intravenous saline infusion in the treatment 
of circulatory embarrassment or failure follow- 
ing hemorrhage from a variety of causes, as 
operation, trauma, childbirth and diseased 
parts. Bull in 1884 was the first American to 
publish on the subject, and in 1886 Harring- 
ton summarized the results of treatment re- 
ported by a number of authors in Germany 
and the United States. They indicated defi- 
nitely that intravenous saline injections were 
of value in the treatment of hemorrhage al- 
though in extreme cases it was usually of little 
or no avail. 

Despite this favorable experimental and 
clinical evidence, the use of saline injections 
in the treatment of shock spread only grad- 
ually, and many years elapsed before its value 
in large measure, came to be appreciated. It 
was only with the turn of the century that 
saline solution for shock came to be employed 


routinely, either by intravenous injection or 


by hypodermoclysis and even then, because of 
lack of knowledge of fluid balance, it was often 
given in insufficient amounts. 

After a period of extensive usage, the limits 
of salt solution infusion in the prevention and 
treatment of shock were gradually defined. It 
was found that in case of marked impairment 
of the circulation; from great loss of blood or 
from a combination of other factors with 
smaller amounts of blood loss, it was impossi- 
ble to remedy the condition solely by the in- 
jection of physiological saline. This was a 
stimulus for further investigation of the causes 
of shock and search for a solution of the prob- 
lem of blood transfusion in man. 

Animal experimentation contributed greatly 
to the solution of the problems on the causa- 
tion of shock which have led to improvements 
in its treatment. Foremost among the clini- 
cians in the initiation and stimulation of ex- 
perimental studies was George W. Crile and 
associates who in 1895 began work which was 
to continue throughout the greater part of the 
succeeding 4o years. 

At the beginning of this period of animal 
experimentation, practically all textbooks on 
surgery listed nervous depressor action as the 
principal cause of shock, and practically none 
of them even mentioned the use of saline in- 
fusions in its treatment. When hemorrhage 
was conspicuous, it was regarded as a cause 
but it was mainly the accompanying nervous 
depressor action which sent the blood pressure 
down and precipitated the general state of 
exhaustion. 

Crile performed a long series of experiments 
on anesthetized dogs in which certain physio- 
logical and pathological effects of surgical 
operations or injuries of various tissues and 
parts of the body were studied. Blood pres- 
sure and respirations were recorded graphic- 
ally and the general effects of the procedure 
noted. However, the amount of external hem- 
orrhage or the loss of blood and plasma into 
traumatized tissues was not measured and 
was often not referred to in the protocols. 
Postmortem findings were usually very briefly 
recorded. Circulatory failure was frequently 
produced by major injuries and operations on 
the animals. 
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From an analysis of his experiments, Crile 
was of the opinion that the most important 
cause of shock was paralysis or exhaustion of 
the vasomotor center as a result of nerve im- 
pulses set up in the injured field. He was un- 
able to produce fall in blood pressure by direct 
injury to nerves, and more frequently pro- 
duced increase in pressure. In none of the 
experiments could it be said that a response to 
nerve stimulation was the sole cause of the 
fall in blood pressure. Hemorrhage was re- 
garded as of great importance in the causation 
of shock in major operations and injuries. 
Deep anesthesia was also found to increase 
the amount of circulatory embarrassment or 
failure. When local anesthesia was used, he 
thought that impulses harmful through their 
effects on the vasomotor centers were blocked, 
and that the circulation was less embarrassed 
than when generalanesthesia was used. Damage 
of tissues from anemia was regarded as of great 
importance, and the central nervous system 
was the structure that suffered most. 

In the treatment of experimental shock, 
Crile found that intravenous administration 
of salt solution was beneficial but that in se- 
vere injuries and operations it was ineffectual. 
He thought that prevention of shock was the 
goal to be aimed at, and stressed the necessity 
for careful hemostasis and handling of tissues, 
and wherever possible the use of local instead 
of general anesthesia. 

Crile later developed a plan of treatment 
for the elimination of shock based on the 
theory of anoci-association. By the blockage 
of nerve impulses with local anesthesia, elimi- 
nation of psychic influences by suggestion, 
performance of the operation presumably un- 
beknown to the patient, and support of the 
circulation by fluid administration, a shock- 
less operation was attempted. 

Many of his theories were highly speculative 
and have not stood the test of time, but his 
recognition of the importance of hemorrhage 
and his introduction of a successful technique 
for blood transfusion were a great stimulus for 
future work which has helped to place the 
treatment of shock on an enormously im- 
proved basis. 

Blood transfusion was obviously the logical 
treatment for shock in which there was great 
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loss of blood; however, despite success in dogs, 
the high incidence of transfusion reactions in 
man made it a dangerous procedure that in 
the past had been rarely attempted. It was 
only after the discovery of isoagglutinins by 
Landsteiner in 1900 and the subsequent estab- 
lishment of the four blood groups by Jansky 
and Moss that blood transfusion became a 
relatively safe procedure. In 1907 Crile per- 
formed blood transfusions on the dog by direct 
cannula anastomosis of artery with vein, and 
later used this method successfully in man by 
anastomosis of the radial artery of the donor 
to a forearm vein of the recipient. Freund, 
Bordet and Gengou observed in animal exper- 
iments that the coagulation of blood collected 
in a paraffin or vaseline coated vessel was 
markedly delayed. Curtis and David worked 
out a successful technique for transfusion on 
dogs using a paraffin coated glass flask with 
two cannulas at the lower end for connection 
with donor and recipient. The blood was 
drawn into the flask and then forced into the 
recipient by pressure from a syringe attached 
to the other end. It was subsequently used 
with success in human transfusions. Kimpton 
and Brown modified the apparatus by leaving 
off one cannula. After drawing blood from 
the donor, the cannula was withdrawn and. 
quickly inserted into the recipient without the 
occurrence of clotting. After successful tests 
on the dog, this technique was applied to man 
and remained in extensive use for many years. 

The syringe-valve methods of transfusion 
were similarly worked out on dogs, and after 
their safety had been established they were 
used on man. 

The introduction of sodium citrate for the 
prevention of coagulation was the last great 
step in the establishment of safety and prac- 
ticability of blood transfusion. It had long 
been used in a 1 per cent solution as an anti- 
coagulant for blood drawn from experimental 
animals. Agote in 1915 and independently 
Lewisohn in rgt5 perfected the technique, de- 
termined the toxicity and standardized the 
dosage in citrate transfusion performed first 
experimentally on dogs and then on man. 
Since then the citrate method has come to be 
almost universally adopted for the perform- 
ance of blood transfusion. 
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During the period of World War I, there 
was still a great deal of confusion as to the 
causes of surgical shock which helped to retard 
the employment of efficient methods of treat- 
ment. For this reason there was not full utili- 
zation of blood transfusion which had just 
then become available for the treatment of 
shock. Animal experimentation carried out 
after World War I and during World War II 
was of great importance in more accurately 
establishing the causes of shock and improving 
methods of treatment. 

The three factors that were considered of 
greatest importance in the production of shock 
were local loss of fluid from the circulation, 
nerve impulses, and toxins formed in the dam- 
aged tissues. Experiments 3, 4, 5, 27, 28, 29, 
37, 38 carried out under anesthesia principally 
on dogs and to a lesser extent on cats and other 
animals have since established the fact that 
by far the most important cause of shock is 
extensive local loss of blood, plasma, or both 
from the circulation. Local fluid loss causing 
shock was accomplished by bleeding, limb 
trauma, prolonged constriction of a limb, in- 
testinal constriction or manipulation and 
burning. Calculation of the amount of fluid 
lost has shown that in animals healthy at the 
start of the experiment, it is sufficient to be 
either the principal or the sole cause of shock. 

Animal experimentation has served to de- 
tract from, rather than to augment, the nerv- 
ous theory of shock. Traumatic and electrical 
stimulation (16, 30) of somatic nerves, as the 
sciatic, of anesthetized normal animals may 
be carried on for prolonged periods without 
causing a fall in blood pressure or shock. Wang 
(36) reported that sciatic nerve stimulation 
in a dog suffering from bleeding will lower 
blood pressure and produce shock but not so 
in an unbled animal. If in a dog experiment 
(31) the common iliac artery is ligated and the 
limb pressure lowered thereby to 50 to 70 
millimeters of mercury, the limb may be ham- 
mered as much as 25 per cent more than is 
necessary to produce marked swelling and 
shock in controls without the initiation of 
shock. There is, however, marked injury to 
nerves and the flow of impulses should be 
equal to or greater than that from the ham- 
mered limb without arterial ligation; conse- 





quently the reason there is no shock is that 


there is not enough hemorrhage into the limb’ 


to produce it and not because of lack of nerve 
impulses from the traumatized field. Spinal 
anesthesia in dogs, while lowering the blood 
pressure to an average of 75 millimeters of 
mercury, protects from limb trauma shock 
(15, 31) but the protection is not from block- 
ing a flow of nociceptive stimuli from the 
traumatized region, but from lowering the 
blood pressure which reduces by about 50 per 
cent the amount of blood lost when the limb 
is traumatized. The only purely neurogenic 
experimental method of producing shock is to 
stimulate the cardioaortic or carotid sinus de- 
pressor nerves (32, 33); but in order to result 
in shock the blood pressure must be kept there- 
by at low level for hours, acondition that never 
happens from operation or injury in man. 

As a result of recent animal experimenta- 
tion, the tissue toxin theory has fared as badly 
as the nervous theory. The shock of the crush 
syndrome appears to be due not to toxins but 
principally to loss of plasma into the limb 
after release of the compression as shown by 
the dog experiments of Duncan and Blalock. 
Roome and Wilson found that if the tissue juice 
expressed from the traumatized limb of one 
dog was circulated in a heparinized dog, no 
significant fall of blood pressure or shock fol- 
lowed, as might be expected were it to contain 
toxins. 

The effect of animal experimentation show- 
ing that blood and plasma loss is the outstand- 
ing cause of shock and that nerve impulses are 
of minor importance has been to increase 
enormously the use of blood and plasma in 
the prevention and treatment of shock in 
man. The results have been little short of 
revolutionary as may be seen by reference to 
their use in both civilian and military practice. 
By their preoperative employment, patients 
who were either greatly debilitated from dis- 
ease or in acute circulatory failure from loss of 
circulating fluid have been resuscitated and 
put into condition to tolerate operation when 
it was necessary. During operation, careful 
track is kept of the amount of blood lost, and 
in all major procedures it has become routine 
to transfuse blood simultaneously in amounts 
equal to the blood loss. Because of this pro- 

















at 


1b’ 


ve 


»d 
of 


k- 
1e 
1e 
Cr 
ib 
ic 
to 


It 
er 
ly 
sh 


it 
ib 











PHEMISTER: EXPERIMENTATION IN TREATMENT OF SURGICAL SHOCK 491 


cedure, it has become possible to perform suc- 
cessfully operations that are two or three 
times as extensive as those that could be done 
before. This has resulted in great expansion 
of the field of operative surgery and great im- 
provement in surgical results. Patients have 
been saved from extensive injuries and burns 
which were almost invariably fatal before the 
inauguration of extensive blood and plasma 
transfusions. 

Animal experimentation has been of im- 
portancé in the development of blood substi- 
tutes which may be of great assistance in 
emergencies where blood is not available. Ivy 
and co-workers carried out studies in which 
dogs were bled out from the carotid and the 
volume of blood lost was replaced by various 
blood substitutes except in a control series 
where the mortality from the hemorrhage 
amounted to 84 per cent. The mortality was 
reduced by the replacement with different 
blood substitutes to the following levels: saline 
to 58 per cent, pooled serum to 26 per cent, 
heparinized plasma to 6 per cent, and gelatin 
causing the least pseudo agglutination in vitro 
to 40 per cent. Citrated plasma and citrated 
whole blood, and gum acacia and pectin solu- 
tions when given volume for volume were 
toxic and caused death in a high percentage of 
cases. Adams and co-workers have pointed 
out that citrated blood and plasma are rarely 
given for the treatment of hemorrhage in man 
at a rate greater than a liter per hour, and in 
this dosage the citrated blood is not toxic. 
Gelatin solutions for the treatment of shock 
were introduced by Hogan in 1915 on the 
basis of experimental studies on rabbits. Lev- 
inson and co-workers have recently reviewed 
the literature and reported on the use of gelatin 
in the treatment of shock in dogs produced by 
graded hemorrhage. It worked so well that they 
did not hesitate to recommend its use in man. 

Gum acacia was first used for blood replace- 
ment in experimental animals by Czerny in 
1894. This caused Hurwitz to use it in a 6 per 
cent solution for the treatment of shock in 
man. Acacia solutions were extensively em- 
ployed for years, and many good results ob- 
tained, but the relatively great incidence of 
toxic reactions has caused them to be aban- 
doned for blood and plasma. 


There have been numerous and conflicting 
recent reports on the use of saline for the 
treatment of hemorrhage, wound trauma, and 
burns. Animal experimentation has shown 
that the use of heat may be detrimental in the 
treatment of shock. Blalock and Mason (6) 
found that cooling the traumatized limb of 
dogs reduced the incidence of shock. Cleghorn 
found that when the environmental tempera- 
ture varied between 72 and g5 degrees, the 
severity of the shock from hemorrhage or 
trauma in dogs varied directly with the temp- 
erature. 

Studies on animals have been made of the 
effects of various drugs that have proved to be 
successful stimulants in the treatment of 
shock, as epinephrine, ephedrine and caffeine 
citrate and their doses standardized. Oxygen 
consumption was shown to be decreased in 
shocked animals by Aub. This established the 
basis for oxygen therapy which has proved so 
beneficial that it has become a routine in the 
treatment of shock. 

Various general anesthetic agents have been 
administered to animals in shock produced by 
hemorrhage, trauma, and bowel strangulation, 
and comparison made of the way in which 
they are tolerated. Evans and Beecher (13) 
reviewed the literature and reported experi- 
ments which showed that in dogs in shock from 
bowel strangulation and plasma loss into the 
abdomen, the anesthetics employed ranked as 
follows in order of preference: ethylene, cyclo- 
propane, nitrous oxide gas and ether. On the 
strength of the experiment, Beecher recom- 
mended that either cyclopropane or ethylene 
should be the anesthetic of choice for opera- 
tion on a patient in shock or approaching 
shock. Evans (13, 14) subsequently studied 
the influence of intravenous sodium pentothal 
and of chloroform on dogs in shock from mus- 
cle trauma or intestinal strangulation. They 
were both inferior to ethylene and cyclopro- 
pane when used during resection of the stran- 
gulated loop of bowel, but intravenous sodium 
pentothal was no more toxic when adminis- 
tered even for 3 or 4 hours to the shocked dog 
that was not subjected to an operative pro- 
cedure. 

The blood bank which has played such an 
important rdéle in the treatment of shock had 
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its beginning in Russia in 1928 with the studies 

of Shanov on the use of preserved blood of 

dogs. Skundina and Barenboim demonstrated 
in experiments on dogs that the blood in the 
vessels of cadavers kept at zero temperature 
for 6 to 7 hours preserved its vital properties, 
and that when transfused it participated in 
gaseous exchange in a normal manner. This 
demonstration led to the collection of citrated 
human blood for subsequent transfusion pur- 
poses. The result was a rapid evolution of the 
blood and plasma bank which has spread 
throughout the world and become an essential 
unit in every hospital for the proper control 
of shock. 
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A COMBINED PERINEAL AND ABDOMINAL OPERATION 
FOR THE REPAIR OF RECTAL PROLAPSE 


J. ENGLEBERT DUNPHY, M.D., F.A.C.S., Boston, Massachusetts 


HE term “rectal prolapse” is com- 

monly used in reference to three dis- 

tinct conditions: (1) simple prolapse 

of the rectal mucosa, (2) intussuscep- 
tion of the sigmoid colon into the rectum, and 
(3) true prolapse or procidentia of the rectum, 
a condition invariably associated with a her- 
niation of the pouch of Douglas. It is only 
with the last named entity that this paper is 
concerned. 

True rectal prolapse or procidentia develops 
as a herniation of the pelvic peritoneum. It is 
associated with a defect in the transversalis 
fascia and a weakening and elongation of the 
suspensory ligaments of the rectum (6,8). As 
the peritoneal pouch descends, it carries with 
it the anterior rectal wall as in any sliding 
hernia. Gradually, by constant pressure, the 
secondary support of the rectum provided by 
the levator ani is thinned out, the anal sphinc- 
ter relaxes, and the mass protrudes through 
the anal canal. For a while, by contraction of 
the levators, the mass may be reducible, but 
in time these muscles become so weakened 
that manual reduction is necessary. In neg- 
lected cases the mass protrudes on the slight- 
est exertion and the sphincter muscles be- 
come so atrophic as to appear to be paralyzed. 

In the surgical treatment of this condition, 
two principal approaches have been used: the 
perineal and the abdominal. The basic diffi- 
culty with the perineal approach is that it at- 
tacks the defect at the wrong end. Even the 
more extensive operations do not completely 
eradicate the hernial pouch or close the defect 
in the transversalis fascia. Of the various ab- 
dominal operations, the Moschcowitz proce- 
dure as originally described is well conceived 
(6). It attempts to obliterate the hernial sac 
and to suture the defect in the endopelvic 
fascia, a point emphasized by Moschcowitz 
but frequently neglected today. But there are 
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two reasons why the Moschcowitz operation 
has not been uniformly successful. The first 
of these is the inherent difficulty in reaching 
the defect in the fascia from above without 
actually mobilizing the rectum. Certain mod- 
ifications of the Moschcowitz operation (4,5) 
attempt to overcome this objection but even 
when the rectum is mobilized, the transversa- 
lis fascia and suspensory ligaments in-some 
subjects are deep in the pelvis and hard to 
suture. The second difficulty with the abdom- 
inal approach is that the frayed out levator 
cannot be sutured and a long redundant rectal 
loop still tends to prolapse. In such cases, 
some type of perineal repair is necessary also. 
It is an interesting fact that in half of Mosch- 
cowitz’s original cases, some type of perineal 
operation was combined with the closure of the 
pouch of Douglas. 

No originality is claimed for the operation 
which is described in this paper. It is a more 
radical procedure than has hitherto been 
thought justifiable and one which prior to the 
days of chemotherapy might well have carried 
a prohibitive mortality. It consists of the 
following steps, each of which has been advo- 
cated by others: (1) by the perineal approach 
—(a) circular amputation of the prolapsed 
segment of rectum (3), (b) excision of the re- 
dundant hernial sac, (c) suture of the levators, 
anterior to the rectum (1,2); (2) by the ab- 
dominal route—(a) mobilization of the rectum 
and suture of the transversalis fascia (4,5), 
(b) obliteration of the hernial sac and closure 
of the pouch of Douglas by circular suture (6), 
(c) fixation of the pelvic colon to the lateral 
wall of the pelvis (7). 


TECHNIQUE OF OPERATION 


As soon as the diagnosis is made, the patient 
is advised to keep the mass reduced as much 
as possible and to strengthen the anal sphinc- 
ter and levator ani by frequent regular volun- 
tary contractions. He is told literally to con- 
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operation. 


Fig. 2. 
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Diagrammatic representation of the anatomy at the beginning of the 


Acircular incision is made through the outer loop of bowel 0.3 centimeter 


above the pectinate line, i.e., on the rectal side of the pectinate line in order to leave 
an adequate cuff for the anosigmoidal anastomosis. 
Fig. 3. By sharp dissection the outer loop is unfolded, thus exposing the peri 


toneal pouch. 
Fig. 4. 


tract his sphincter ‘‘one thousand times a 
day.’ The importance of this maneuver can- 
not be overemphasized. Tone can be restored 
to the anal sphincter by voluntary contraction 
as in any skeletal muscle which has become 
atrophic from disease. The patient is hospital- 
ized for approximately 1 week prior to opera- 
tion during which time these measures are 
continued and the bowel is prepared by the 
administration of sulfasuxidine or sulfa- 
phthalydine in appropriate doses. 

The perineal operation is performed first. 
Spinal or general anesthesia may be used. 
With the patient in the lithotomy position, the 
prolapse is drawn down and a circular incision 





The relationship after the outer loop has been freed. 


is made in the rectal mucosa about 0.3 centi- 
meter above the pectinate line (Fig. 2). As 
this incision is deepened, the outer loop of 
bowel may be peeled off the inner loop, thus 
exposing the hernial sac (Fig. 3). The relation- 
ships are shown diagrammatically in Figure 4. 
The size of this pouch of peritoneum varies 
but in all of our cases it has been large enough 
to be dissected off the bowel as a distinct sac 
(Figs. 5 and 6). The sac is then opened and the 
neck is closed by circular sutures as high as 
these can be conveniently placed (lig. 7). The 
redundant sac is then excised (I*ig. 8). 

The sac is then pushed upward and as the 
anterior rectal wall is depressed with the 
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Fig. 5. The peritoneal sac is identified. 

Fig. 6. The peritoneal sac is separated from the rectum. 
Fig. 7. Circular suture at apex of the peritoneal. sac. 
Fig. 8. Excision of the excess peritoneum. 


finger, sutures are placed in the levator mus- 
cles lateral and anterior to the rectum (Figs. 9 
and 10). Good firm muscle can be secured in 
these sutures. Two or three No. 1 chromic 
catgut sutures are used to bring a firm barrier 
across the perineum below the amputated her- 
nial sac and anterior to the rectum (Tig. 11). 

The tube of rectum is then split anteriorly 
and posteriorly (Fig. 12), and traction sutures 
of fine silk are placed through the entire wall 
of the bowel uniting it to the distal 0.3 centi- 
meter cuff of rectal mucosa which was left 
above the pectinate line (lig. 13). The two 
halves of the bowel are then excised and two 





lateral traction sutures are placed (Figs. 14 
and 15). These sutures are tied and the re- 
mainder of the anastomosis is completed by a 
continuous lock stitch of fine catgut which is 
interrupted and tied as it reaches the mat- 
tress sutures (Fig. 16). It is important not to 
complete the anastomosis with a continuous, 
circular suture because the cinching effect of 
this suture tends to narrow the canal. 

The abdominal operation is done as a sepa- 
rate procedure some days later. The abdomen 
is opened through a midline, suprapubic in- 
cision. After the pelvic peritoneum is incised 
on either side of the colon, the bowel is mobil 



























toneal pouch. 


ized exactly as in an abdominoperineal resec- 
tion. It is comparatively easy to do this with 
out injury to the blood supply. After mobili- 
zation of the bowel, deep sutures are placed 
including the pelvic peritoneum and the fascial 
and ligamentous tissue lateral to the rectum. 
The remainder of the pouch of Douglas is then 
closed by circular sutures as in the original 
Moschcowitz operation. Finally, the pelvic 
colon is anchored to the left lateral wall of the 
pelvis by several interrupted sutures of fine 
silk. The condition before and after the com- 
bined operation is shown diagrammatically in 
Figures 1 to 17. 
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Fig. 9. A catgut suture is placed in the left levator ani anterior to the rectum. 
Fig. 10. The same suture in the right side. : 
Fig. 11. Approximation of the levators anterior to the rectum and below the peri- 


Fig. 12. The tube of rectum is split anteriorly and posteriorly. 
Fig. 13. Traction sutures of silk are placed at the site of the anastomosis. 


RESULTS OF OPERATION 

The operation, as described, has been per- 
formed in 4 patients. The periods of observa- 
tion since operation have been 1 year and 8 
months, 1 year, 8 months, and 4 months, 
respectively. There have been no recurrences. 
One patient developed an abscess anterior to 
the rectum and slight retraction of the rectal 
mucosa at the site of the anastomosis. Moder- 
ate stenosis of the anastomosis was controlled 
by daily digital dilatation. At present, this 
patient is getting on well without further dila- 
tation. All the patients are continent. Two 
patients have returned to active life after hav- 
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Fig. 14. Excision of the redundant loop of rectum and sigmoid. 

Fig. 15. Traction sutures of silk are placed laterally and tied. 

Fig. 16. The anastomosis is completed by a lock stitch of fine catgut interrupted at 
each traction suture in order to avoid the cinching effect of a circular suture. 

Fig. 17. The relationship at the completion of the operation, showing the remainder 
of the sac to be obliterated by the abdominal operation. 


ing been incapacitated by complete rectal pro- 
cidentia for periods of 11 years and 2 years, 
respectively. 

The perineal part of the operation alone was 
performed in a fifth case. Because of the 
advanced age of the patient, 72 years, the 
abdominal operation has been postponed in- 
definitely. It is now 8 months since operation 
and no tendency to recurrence has appeared. 

In a sixth case, a combined abdominal and 
perineal operation was performed but the 
abdominal operation was done first and the 
perineal procedure consisted of posterior fixa- 
tion of the rectum to the sacral fascia. This 


patient has remained well for over 7 years since 
operation. 
DISCUSSION 

The great variety of operative procedures 
still recommended for the treatment of rectal 
procidentia indicates considerable dissatisfac- 
tion with the end-results. A study of 12 cases 
in which patients were operated on in the 
Peter Bent Brigham Hospital between 1914 
and 1938 confirms this impression. In 5 the 
Moschcowitz procedure alone was employed. 
There were 3 recurrences. In 3 some type of 
perineal repair was employed with 1 recur- 
rence, 1 cure, and 1 fairly satisfactory result. 
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In 3 cases both the Moschcowitz operation 
and some type of perineal repair was per- 
formed, but the second stage was not carried 
out until a sizable recurrence had followed the 
first operation. One of these patients died 
following the second operation. In the 2 others 
the end-result was fair in 1 and a complete 
failure in the other. 

It would be premature to suggest that a 
combined perineal and abdominal repair is the 
final answer to the problem of rectal prolapse. 
To date, the results in our cases have been 
very gratifying and the procedure, despite its 
magnitude, seems worthy of further trial. In 
carly cases, before the levator muscles and 
anal sphincter have been frayed out by con- 
stant pressure, a repair from above which 
tightens the suspensory ligaments, closes the 
defect in the transversalis fascia and obliter- 
ates the pouch of Douglas, would seem to be 
sufficient. However, in advanced cases some 
type of perineal repair with suture of the 
weakened levators should be combined with 
the abdominal approach. 

It is by no means established that the peri- 
neal repair should be done first. Equally satis- 
factory results might be obtained by first per- 
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forming the Moschcowitz operation and then 
repairing the levators from below without 
amputating the rectum. This would have the 
advantage of being a cleaner operation and 
would eliminate the anastomosis at the ano- 
rectal line. 

Although the results to date have been ex- 
cellent, this paper should be regarded as a 
preliminary report. The best solution to this 
distressing problem still must come from 
further observation and study. 


SUMMARY 


The technique of a radical operation com 
bining features of both abdominal and peri- 
neal repairs for rectal prolapse is described. 
The complications and results of this opera- 
tion are presented. 
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OBSTETRICS IN THE SMALL GENERAL HOSPITAL 


CHARLES E. CONNER, M.D., Cashmere, Washington 


HE literature contains many reports 

of obstetrical analyses. Nearly all 

of these come from large clinics and 

hospitals, the great majority from 
the eastern United States. A personal interest 
in statistical comparisons was the stimulus for 
this paper, the purpose of which is to present 
the findings in the obstetrical services of two 
small general hospitals in the Pacific North- 
west. For many reasons, statistical compari- 
sons proved to be nearly impossible. But it 
is the author’s opinion that the results from 
this community are of interest per se. 

The analysis is based on the hospital re- 
cords of 2,500 consecutive mothers delivered 
in the two general hospitals in Wenatchee, 
Washington, during the years 1944, 1945, and 
1946. Thecity hasa population of about 13,000 
and serves medically a population of approxi- 
mately 50,000, almost all of whom are white. 
Both hospitals are church-directed, one Catho- 
lic, the other Protestant. One has a rated capa- 
city of 55 beds, with 20 bassinets; the other 75 
beds and 20 bassinets. Due to the war and 
to population increases in the area, both in- 
stitutions ran at go to 120 per cent of rated 
capacity during the 3 years, with a resultant 
strain on the medical and nursing personnel; 
and space to care for obstetrical patients was 
a constant problem. Both hospitals are ap- 
proved by the American College of Surgeons. 

They were staffed during these years by 30 
physicians, 24 of whom practiced obstetrics. 
There were 2 obstetrical specialists in the 
group, the majority of the deliveries being 
done by general practitioners. There are no 
interns or residents in the hospitals. 

Statistics regarding ectopic gestation and 
abortion in patients who were cared for in 
the hospitals are not included in this paper. 
It may be assumed that an average amount 
of prenatal care was given the patients, for 
in general the class of people is high, and the 
value of prenatal care is not underestimated 
by the physicians of this community. The 
incompleteness of some of the hospital rec- 


ords due to war time pressure, however, 
made the preparation of this paper more dif- 
ficult. It is comforting to find the more recent 
records much more complete. 

In this series, there were 16 pairs of twins 
delivered, an incidence of 1 in 156 deliveries. 
In this group there were 5 maternal deaths, 
a mortality of o.20 per cent. This figure may 
be compared with the maternal mortality for 
the United States for the year 1940 as prepared 
by the U.S. Department of Labor (4), of 0.376 
per cent. In the same report the State of 
Washington has a rate of 0.306 per cent, 18th 
in the United States. Newberger, analyzing 
obstetrical statistics in the State of Illinois 
during 1943, found a maternal mortality rate 
of 0.27 per cent in hospitals which had a 
comparable number of deliveries. 

Of the 5 deaths here reported, 1 was due to 
shock and hemorrhage following vaginal deliv- 
ery of a placenta previa, 1 due to acute yel- 
low atrophy, 1 to severe rheumatic endocar- 
ditis, 1 to diabetes mellitus, and 1, of a patient 
in the first stage of labor, to ruptured myocar- 
dium. Although comparisons may not be made 
with complete fairness and although this series 
is admittedly small, it is the author’s opinion 
that the mortality rate in the Wenatchee 
hospitals is very low and speaks well for the 
care which a general practitioner and a general 
hospital may give to an obstetrical patient. 
This is especially true when one considers that 
there were no deaths, nor any serious complica- 
tions from puerperal sepsis or toxemia. These 
two complications account for over 60 per cent 
of the maternal deaths in the United States. 

The infant mortality rate here was also 
comparatively low, though less strikingly so. 
There were 82 infant deaths, an overall 
mortality rate of 3.28 per cent. Of these, 28 
were stillborn, 1.12 per cent of the total babies 
born. Stillbirth accounted for 34.2 per cent of 
the total infant deaths. Of the neonatal 
deaths 24, or 53.7 per cent, were due to pre- 
maturity (under 30 weeks’ pregnancy). An 
analysis of infant deaths appears in Table I. 
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TABLE I.—INFANT DEATHS 
























































No. | Wenatchee | Nfttinas): 

| Per cent 
Totalinfant deaths | 82 | 3.28 | 4.26 
Stillborn _... wae 23 Bee 2.18 
Neonatal deaths digas ” = 2 16 a 2.08 
Prematurity ay 24 53.7* 
Difficult version and extraction oie 3 i 5 5* 
Atelectasis —— oe  *- | ia ea 
Rh factor oe ae - —— «* 
Polyhydramnios —— 2 ye 
Epidemic diarrhea a ' 3t 
Intracranial hemorrhage > ‘se | 
Abruptio placentae eee: . | 
Postmortem cesarean 7 7 . i 
Congenital deformity ~ 2 1 | 
Aspiration pneumonia } I | | 
Adrenal hemorrhage oe I “| | 
Unclassified | 6 | | 








*Per cent of neonatal deaths. | : f ‘ - 
tin one of the hospitals only, in which an epidemic of infant diarrhea 
occurred. 


The relatively low maternal and infant mor- 
tality figures given invite an analysis of the 
treatment of the various major complications 
of pregnancy. The incidence of the major 
complications in this series appears about 
average, although it is my opinion that some 
cases of pre-eclampsia, essential hypertension, 
and chronic glomerulonephritis were not 
reported on the hospital charts as such. 


PRE-ECLAMPSIA 


There were 5 cases of pre-eclampsia, 0.20 
per cent. In this group 3 cesarean sections 
were done, with 3 live mothers and infants. 
In one case of vaginal delivery of a premature 
infant, death of the infant resulted, in another, 
mother and child both lived. In these cases 
marked albuminuria and hypertension were 
present. Attempts at medical control of the 
symptoms were unsuccessful. That there were 
other cases of mild pre-eclampsia, unreported 
on the charts, appears likely. 


ECLAMPSIA 


Three patients with eclampsia, 0.12 per 
cent of the total obstetrical cases, were deliv- 
ered, 1 by cesarean section, in which instance 
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mother and child survived, 2 vaginally (in- 
duced labors), in which premature infants 
died. All 3 of these mothers had antepartum 
convulsions. None had any noteworthy post- 
partum complications. The patient delivered 
by cesarean section had not had antepartum 
care and was first seen with epigastric pain 
and muscular twitchings, with two convulsive 
seizures while under anesthesia. 

No cases of essential hypertension or chronic 
nephritis are recorded. There was 1 maternal 
death, immediately following delivery of a 
healthy infant, due to acute yellow atrophy 
of the liver. This mother had had hypereme- 
sis gravidarum during most of her pregnancy 
and was first seen here when in active labor. 

The incidence of cesarean section in toxemia 
in our group (4 out of 9 cases) is high. It is 
likely that some or all of these mothers might 
have survived vaginal delivery (all were 
primiparas), but the happy ending for mother 
and child in these deliveries speaks for itself. 


PLACENTA PREVIA 


Eighteen cases of placenta previa were 
delivered, an incidence of 0.74 per cent of 
total deliveries; 6 were complete, and 12 
partial or marginal. Eight patients were deli- 
vered vaginally, with 1 maternal death, due 
to shock and hemorrhage. All the infants 
lived. Ten patients were delivered by cesar- 
ean section, all but 1 of whom were in labor 
and were bleeding. In this group all the moth- 
ers and all but 1 of the infants survived. 
Six of the 10 patients were primiparas. One 
of the patients, a primipara, who was deliv- 
ered vaginally, died. The maternal and infant 
mortality rate for placenta previa in this 
series was 5.5 per cent. 


ABRUPTIO PLACENTAE 


There were 3 cases of abruptio placentae, an 
incidence of 0.12 per cent, without maternal 
death. One patient was delivered vaginally, 
2 by cesarean section. One of the babies deliv- 
ered by cesarean section lived; the other, and 
the one delivered vaginally, died. 


CESAREAN SECTION 


Of the 2,500 deliveries, 74 were by cesarean 
section, an incidence of 2.96 per cent. In this 
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regard an examination of the literature is 
most interesting, for the reported incidence 
of abdominal deliveries varies greatly. In 
general, it seems to be much higher in private 
than in charity institutions. The lowest in- 
cidence found in the reports here reviewed was 
1.50 per cent, reported by Arnold. Others 
varied up to 16.1 per cent, the general average 
appearing to be between 2.0 and 3.0 per cent. 
There were no maternal deaths in the Wenat- 
chee series, but the number is too small to be 
of value in comparison with other reports. 
The circumstances under which the cesar- 
ean sections were carried out are of consider- 
able interest. Table II gives the reasons for 
the sections, compared with indications in 
other series. The chief discrepancy between 
the Wenatchee figures and those of others lies 
in the relatively high incidence of cephalopel- 
vic disproportion as an indication for abdom- 
inal delivery. Our figures show 49.3 per cent 
done for this reason, the highest other figure 
being 36 per cent. This disproportion, how- 
ever, is more likely apparent than real. We 
have no adequately accurate method of rela- 
tive measurement of the maternal pelvis and 
fetal head (if there really is one), and the 
decision to do a cesarean was often based on 
obstetrical judgment as to the lack of pro- 
gress of labor. In questionable cases this is 
probably as good a criterion as any. It is the 
consensus here that, if there is real doubt as 
to the adequacy of a pelvis, it is better to do 
a section before the mother is exhausted and 
the fetus is dead. In this small series at 
least the results seem to justify the means. 
In 20 of the 74 cases, cesarean section was 
carried out by an obstetrical specialist. Of 
these all were laparotrachelotomies. The re- 
mainder (54) were done either by general sur- 
geons or general practitioners who do obstetri- 
cal surgery. All but 1 of these were classical. 
One was a hysterectomy for fibroids and bi- 
cornuate uterus following classical section. 
The low maternal and infant mortality rate 
in the cesarean sections here reported speaks 
well for the staff. The relatively few low cervi- 
cal sections done perhaps do not. Only the 
obstetrical specialists did low cervical sec- 
tions. There has been a good deal of argument 
locally about the relative values of the two 
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TABLE II.—INCIDENCE, MORTALITY, AND 
INDICATIONS FOR CESAREAN SECTION 























Arnold Chicago Barney | Wenatchee 
Per cent |Lying-In(z)| Percent | Percent 
Per cent 
Incidence | steso | | 2 | 2.06 
Maternal mortality | 1.06 | | 1.7 | 0.00 
Infant mortality | 9.8 ees ween eS 
Cephalopelvic dis- | | 
proportion 23.5 | 36.0 | 6.8 49-3 
Previous cesarean | 12.7 | 27.9 | 30% | 13-5 
Placenta previa | 20.6 | 7.9 | 9.1 | 13.5 
Cervical stenosis | ary e 3 ce as = | 6.75 
Toxemiat—(ié‘iYSCtte:S| tg | | rey 
Malposition of fetus | 88 | o7 | | 413 


types of cesarean section. Most of the sur- 
geons have held that the ease of performance 
and speed in doing the classical section out- 
weigh the advantages of the low cervical sec- 
tion. One or two of them, however, are chang- 
ing their minds since the figures for this re- 
port were compiled. Others will likely do so. 

Of further interest is the fact that there were 
no cases of peritonitis following cesarean sec- 
tion—this in spite of the fact that several 
sections were done more than 24 hours after 
the membranes had ruptured. Penicillin and 
the sulfonamides are probably responsible for 
the absence of peritonitis in some of these 
cases. Whole blood transfusions were used 
when indicated, but not in the majority of 
cases. 

SUMMARY 

For comparative purposes the results of 
2,500 consecutive deliveries by general practi- 
tioners and obstetricians in two small general 
hospitals are presented. 

A brief review of comparable statistics from 
the literature is given. 

The relative incidence of low cervical sec- 
tions to classical cesarean sections done in 
this community should be increased. 

The general practitioner in a small but well 
managed general hospital can secure excellent 
results in obstetrics. 
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PRIMARY CLOSURE OF 
HARELIP 


HI attempted closure of congenital 

lip clefts dates back to surgical dawn 

and the do’s and the don’ts that guide 
us today had been well established in the first 
half of the past century; but with the distract- 
ing introduction of anesthesia and the control 
of sepsis, these gains were mostly lost in the 
latter half of the same century and largely neg- 
lected during the first quarter of the present. 
It is temptingly easy to freshen and unite the 
cleft borders, but that it takes skill and real 
study of each individual case to obtain an ac- 
ceptable result has been rather commonly 
overlooked. In this type of surgery the margin 
between success and failure is narrow, pitfalls 
are numerous, and luck, if any, is mostly bad. 


Further, the area is always in evidence, and, 
ironically, it is the poor results that attract 
attention while the factor of an excellent out- 
come must content himself with the silent 
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flattery of non-recognition. We now see chil- 
dren raised in utter ignorance of an early correc- 
tion. ‘ 

The primary aim of any operative plan is 
to retain free breathing and produce a sym- 
metrical lip and nose of natural appearance 
without too evident suture marks or other 
scars. Undue transverse shortening, vertical 
over-length, or both, asymmetry of the lip or 
vermilion, or failure to correct vestibular dis- 
tortions are the more common faults of plan- 
ning or execution that make for the not pleas- 
ing result. 

With any congenital lip cleft, partial or com- 
plete, there is some actual deficiency of lip 
tissue, but most of the spread of a complete 
cleft is due to tissue displacement. The first 
operative move, to be undertaken only after 
sufficient study, checked by the use of measur- 
ing dividers, is to ink in the pattern of cuts 
that will determine the contour of the nascent 
lip and nose. Previous study will have also 
estimated the amount of lip, cheek, and nasal 
mobilization needed to permit soft tissue ad- 
justments without undue tension. In a pri- 
mary operation this is made available by sim- 
ple undermining, the extent of which is deter- 
mined by the needs of the individual case. 

The infant’s condition and related circum- 
stances are apt to dictate the operative when; 
the operator’s fancy and the extent of involve- 
ment will largely determine the how. As a 
general rule, the earlier the simpler. Lip clo- 
sure in the first two days of life makes possi- 
ble exhibition of an apparently normal infant 
two weeks later which is a great comfort to a 
mother who has by then weathered the first 
shock. Barring this very early closure, sim- 
pler operations will still suffice any time be- 
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tween two weeks and two years later, as cir- 
cumstances dictate, without resorting to the 
more extreme measures. 

In the baby with partial cleft the undermin- 
ing might be quite limited, but for a wide- 
spread opening in one of similar age the com- 
plete cheek mobilization might extend the full 
depth of the maxilla and up to the orbital bor- 
der on the cleft side, somewhat less on the 
other. ‘Also corresponding liberation of the 
ala, plus undermining between the skin and 
lower lateral cartilage through a transverse 
intranasal incision made along the upper edge 
of the lower cartilage, and in addition some 
slight trimming of the alar border anteriorly, 
might be needed to raise it. All of the above 
is to insure proper airway and contour. 

In early childhood the unoperated upon or 
maladjusted lip can develop a definite droop 
as well as increased backward displacement of 
the ala which demands repositioning by com- 
pletely separating the two halves of the colu- 
mella, free undermining of the skin over and 
beyond the upper lateral cartilage, with re- 
moval also of a triangular piece of skin and car- 
tilage from just above the alar border. It will 
take all of this, and maybe more, to raise the 
slumped ala to its proper position. This new 
molding is maintained by suturing. 

In adolescence faulty or non-approximation 
may have caused lateral divergence of the nose 
from the cleft side which, if sufficiently dis- 
figuring, may require complete subcutaneous 
chisel or saw mobilization and mass fixation 
with trans-tissue wiring of the freed nasal 
spine to an upper molar tooth; this to be re- 
tained for four to six weeks. The above pro- 
gressive complexities emphasize the advan- 
tages of early correction. 

There are four merging types of classic sin- 
gle harelip; the partial soft tissue cleft, the 
complete soft tissue cleft, the complete lip 
cleft involving also the alveolar process, and 


the very wide complete cleft of lip and palate. 
The first of these can be the most refractory 
because of sparcity of excess vermilion, com- 
plicated by a small transverse nostril, while 
the wide open cleft is vermilion-lined and the 
ala is stretched. Regarding the alveolar or the 
complete bony cleft: in the vast majority of 
cases the separated borders will be quickly 
drawn together, with slight overlapping, after 
any sort of lip closure. This narrowing of the 
bony cleft is helpful to the subsequent palate 
closure, but it leaves an opening in the upper 
fornix to be closed at the time of the staphy- 
lorrhaphy or later. Very rarely is the bone re- 
sistant to the lip pressure. Forceful approxi- 
mation of the bony cleft borders is a mutilating 
practice condemned by writers of theearly toth 
century, revived by dentists in the doldrums 
of the go’s, but happily now almost extinct. 

There are two general plans of closing the 
lip-nose cleft, each capable of special moditi- 
cation. The earliest is the Husson-Rose plan 
which eliminates the straight or convex cleft 
borders by angular or curved excisions which 
when sutured push upward and downward in 
a straight line. The length of the line will de- 
pend upon the depth of the excision, but this 
procedure is apt to give too long a lip. The 
second plan, more difficult but more adapt- 
able, is best represented by Mirault’s presen- 
tation published in 1844. It consists in turning 
an angular flap taken from the upper part of 
one side of the cleft across the defect and 
uniting it to the denuded opposite border. Re- 
gardless of the type of excision for the tissues 
that are to be sutured to a vertical line, the 
vertical part should be beveled so the tension 
will be on the deep-holding sutures with no 
strain on the superficial ones. In that way, 
possibly with the help of a little radium, un- 
sightly scars can usually be prevented. 

The lip closure of complete double cleft of 
lip and palate is done in two steps. At the 
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first step closure is accomplished by adjusting 
the widespread alae and suturing the upper 
part of the Rose or Mirault sectioned lateral 
lip fragments to corresponding areas of the 
denuded prolabium. So far the procedures are 
similar. Lower down, in the Rose type the 
prolabium is trimmed to a point, but in the 
Mirault plan it is cut squarely across if the 
lip flaps are to interdigitate, or to a blunt point 
if the flaps are to be trimmed to abut in the 
midline. The cheek-ala undermining for the 
above is greater than in the single cleft for 
there is no appreciable length to the columella 
and the premaxilla stands well forward of the 
maxillae. The septum is not to be shortened 
at this stage. Doing so might risk letting the 
premaxilla drift back between the maxillae, 
which is ruinous to both incisor occlusion and 
to facial contour. 

Second step. The premaxilla push-back 
done at the hard palate closure will have 
caused definite nasal snubbing. Correction of 
this consists in raising a superficial trifoil flap 
from the lip, in conjunction with the separa- 
tion of the short columella from the septum; 
a far forward transverse cut across the septum 
will then permit the nasal tip to be advanced 
and leave a corresponding triangular defect in 
the septum; suturing the lateral leaves of the 
trifoil into the septal defect on each side and 
closing the lip defects will restore continuity 
to the advancement. 

The double clefts may be mirror images, or 
either cleft might fall into one of the four types 
mentioned above. 

In the complete double cleft the premaxilla 
will be found at the tip of the nose. If there is 
any attachment between the maxilla and pre- 
maxilla on either side, no matter how slight, 
the central mass will diverge in that direction. 
A bilateral attachment, no matter how atten- 
uated, will restrain the forward movement of 
the mass. 
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There are few primary instances of harelip - 
in which an acceptable result cannot be at- 
tained in from one to three operative steps; 
there are still fewer in which the original pos- 
sibilities can be attained after a bungled start. 

Vitray P. Blair 
ROBERT R. ROBINSON 


CONGENITAL ATRESIA OF 
INTESTINE AND COLON 


TRESIA of the bowel is a rare con- 
genita] deformity which obviously 
cannot be diagnosed until symptoms 

of obstruction appear. Vomiting is the first 
symptom, but since some vomiting in the 
newborn is not abnormal, its significance for a 
time is not appreciated. If the obstruction is 
high, persistent vomiting will begin shortly 
after birth; if the obstruction is near the ileo- 
cecal valve, the most common site, vomiting 
may not become alarming until the second or 
even the third day of life. Most atresias of 
the bowel are distal to the ampulla of Vater; 
the vomitus therefore is green. A newborn 
baby who vomits green material has intestinal 
obstruction until proved otherwise. It does 
not have pyloric stenosis because the vomitus 
of a baby with pyloric stenosis is never green. 

Distention of the abdomen likewise varies 
with the level of obstruction. Gastric peristal- 
sis moving from left to right may be observed 
in obstructions of the duodenum or the begin- 
ning of the jejunum. One should not be led 
astray by finding a scaphoid abdomen in these 
patients. Progressive and finally marked dis- 
tention of the abdomen, however, typifies 
atresias of ileum or colon. Intestinal pattern- 
ing is usually visible. 

The difference between a normal meconium 
stool and that of an infant with intestinal 
atresia is not great enough to be impressive. 
The nurses’ notes usually show a record of 
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“meconium stool.” Only one who has had 
rather extensive experience in the care of in- 
fants would notice and realize the significance 
of the fact that a baby who was vomiting 
green material had a stool which was smaller 
in amount, lighter green in color and was 
firmer in consistency than the usual normal 
grease consistency, tarry meconium stool. 

The suspected diagnosis of atresia of the 
intestine or colon is easily confirmed by ex- 
amination of roentgenograms made of the 
baby in the upright position. Widely dis- 
tended loops of bowel showing fluid levels will 
be seen. The number of distended loops of 
bowel and their position in the abdomen will 
indicate the level of obstruction. These babies 
should not be given barium; its use is unnec- 
essary for diagnosis, it tends to clog the in- 
testine and if aspirated produces tracheo- 
bronchitis. 

The treatment of congenital atresia of the 
intestine and colon is surgical. It is trite to 
state that the earlier in life these obstructions 
are corrected the better the results will be, 
and yet at the same time it is advised not to 
rush these infants to surgery until two condi- 
tions are met: first, dehydrated infants must 
be restored to near fluid and electrolyte bal- 
ance by intravenous administration of isotonic 
solution of saline 10 to 15 cubic centimeters 
per pound of body weight, plus 50 to 75 cubic 
centimeters of 5 per cent dextrose solution per 
pound of body weight. This amount of fluid 
is sufficient for 24 hours. What part of it is 
given before surgery is a matter of judgment 
in each case. Second, the stomach must be 
thoroughly emptied before operation. This is 
usually accomplished by inserting a No. 10 
French catheter into the stomach through a 
nostril and aspirating with a syringe. The 
catheter is left in place during operation and, 
following surgery, is attached to a Wangen- 
steen suction apparatus. 


The operation on these infants is best done 
under open mask ether anesthesia. The abdo- 
men is opened through a right rectus muscle 
splitting incision. If the distended loops of 
bowel are allowed to escape spontaneously 
from the abdomen there will be little trauma 
and the pathological condition will be found 
easily and rapidly. From the point of atresia 
the undeveloped bowel is followed distally to 
the rectosigmoid in a quick search for other 
obvious atretic areas. If none is seen a fine 
needle is inserted into the lumen of the col- 
lapsed bowel and salt solution is injected to 
demonstrate possible points of atresia not vis- 
ible from external examination. The salt solu- 
tion will serve to distend the small caliber 
bowel and to soften any inspissated material. 
A large needle attached to a 50 cubic centi- 
meter syringe is then inserted into the dis- 
tended bowel at the site where the anastomo- 
sis is to be done. The distended bowel is com- 
pletely deflated and as much of the meconium 
as possible is removed. 

A side-to-side anastomosis, isoperistaltic or 
antiperistaltic, is made between the distended 
and undeveloped bowel. The temptation to 
do just an ileostomy should be curbed because 
these infants do not survive ileostomies. The 
anastomosis is done with No. ooo00 Deknatel 
silk on an atraumatic needle for bringing sero- 
sa to serosa, and such silk or No. 0000 chromic 
catgut is used suturing mucosa to mucosa. 
The sewing must be painstaking in careful 
spacing of stitches and in avoiding large bites 
of tissue lest the lumen of the bowel be en- 
croached upon. Although the infant may be 
in poor condition, it should not be forgotten to 
close the opening between the two leaves of 
mesentery. 

Not infrequently these children do badly 
during surgery. Stopping all anesthesia and 
giving the baby oxygen only until the peri- 
toneum is to be closed has been a factor, I am 
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certain, in avoiding operating table casualties 
in at least two of these patients at the Chil- 
dren’s Memorial Hospital (Chicago). <A 
blood transfusion of 50 to 75 cubic centime- 
ters is always given during the operation. 
Following surgery the infant is placed in 
oxygen. Penicillin, 10,000 to 20,000 units, is 
given intramuscularly every three hours. 
Negative suction on the catheter in the stom- 
ach is maintained for at least 48 hours. Feed- 
ings of a dilute formula are begun cautiously 
and in small amounts. If vomiting or disten- 
tion recur, gastric suction is resumed. Food, 
fluid and electrolyte balance are maintained 
by routine fluids, blood, plasma and amigen. 
Surgical mortality of congenital atresia of 
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the intestine and colon will always be high for: 
the following reasons: The infrequent abnor- 
mality is apt to be overlooked until bowel 
gangrene is imminent; multiple atresias of the 
bowel at times make anastomosis futile; other 
congenital abnormalities may be present and 
add to the risk of. surgery. However, mortal- 
ity statistics are tremendously better than 
twenty years ago. Then recovery following 
surgery was an oddity. Now, because of 
chemotherapy, wiser use of proper suture ma- 
terial and recognition of physiological re- 
quirements, a baby with single atresia of the 
bowel, but otherwise normal, has a fair chance 
of postoperative recovery. 
WILLIs J. Potts 
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REVIEWS OF NEW BOOKS 


R. CRILE was an inveterate recorder of what 
D he did and of the things he saw and heard, a 

confirmed transcriber of his thoughts on the 
problems he faced, with the result that he left a 
world of material from which Mrs. Crile has woven 
a story of his life of absorbing interest.! Gifted with 
descriptive ability he has left a travelogue of fas- 
cinating beauty covering the countries he visited, 
their natives, flora and fauna, their mountains, val- 
leys, and cities. But most important he has outlined 
the trails which he followed in research in which field 
he has contributed so much. Possessed of an in- 
quiring mind he was ever asking the why and how, 
and was never content until the answer to the prob- 
lem was at hand. Coming from pioneer stock, it was 
befitting that he became one of the pioneers of the 
medical frontier, leaving an indelible imprint upon 
contemporary medicine, surgery, and science. Wit- 
nessing the death of his friend, William Lyndman, 
from shock started a train of inquiring thought which 
persisted throughout life and resulted in invaluable 
contributions in the elucidation of shock, its pre- 
vention, and its control. Out of this research came 
his accepted offerings on hemorrhage and transfu- 
sion. 

His work in the Medical Corps of the Army during 
the Spanish-American War and World War I is 
given in sufficient detail to make clear the valuable 
contributions he made to the Medical Department 
in both conflicts. The opportunities for mass obser- 
vation in the latter aided greatly in his scientific re- 
search and reveal his ever incisive and inquisitive 
approach to scientific problems. While always a 
scientist and a research devotee, he was a humanist 
with his goal the benefit of mankind and the im- 
provement of human welfare. 

His query as to “‘what is life?’’ remains unanswered 
but from a scientific standpoint he has given us much 
upon which to cogitate. His indomitable energy, his 
forcefulness and his courage are revealed in his 
manner of overcoming the vicissitudes of fate with 
which he was beset and furnished an example and an 
inspiration to all of us who tread the same path even 
at much lower levels. 

His study of the animal power plant, undertaken 
through years of travel to all parts of the world, in- 
cluding all animals from mouse to the elephant, is 
the one comprehensive study of its kind and fur- 
nishes statistical data of incomparable value. 

1GEORGE CRILE; AN AUTOBIOGRAPHY. Edited, with sidelights 
by Grace Crile. 2 vols. Philadelphia and New York: J. B. Lip 
pincott, Co., 1947. 


The autobiography of this pioneer furnishes reve 
lation, stimulation, and inspiration in disclosing the 
creative impulse which marked him as a man apart, 
a man who sought an answer to the secrets of nature 
and who provided many answers. Undaunted he 
cheerfully accepted the challenge of his time and 
seized upon the opportunities which it afforded. His 
remarkable versatility is reflected in the many 
fields in which he was interested and in which he 
achieved distinction. His lofty ideals, his vision for 
the shaping of a better surgical world can be per 
ceived in the policies and accomplishments outlined 
in his life history. His devotion to the improvement 
of surgery was ever uppermost in his mind and ef- 
forts: his part in the development of the American 
College of Surgeons was but an instance of this urge. 

In reading this autobiography one gathers an ap- 
preciation of his rich personality, his accomplish- 
ments, his leadership, his contributions to science, 
his dual capacity as a great surgeon and an original 
investigator pre-eminent in both scientific research 
.and surgical technique, a master surgeon and 
scientist, a benefactor of mankind. The sidelights by 
Mrs. Crile disclose that which one would expect, a 
devoted husband and father with ever present love, 
solicitude, and affectionate consideration for those 
near and dear to him. In other words, he was a man 
among men, a surgeon of the world, a scientist seek - 
ing knowledge. IRVIN ABELL. 


HE author has revised his older text Anatomy for 

Physical Education and altered the title to Concise 
Anatomy,* for the purpose of reaching a wider range 
of students in fields that pertain to medicine, such as 
physical therapy, occupational therapy, medical 
technology, nursing, dental hygiene and physical 
education. The general plan of the book is little 
changed. New material on the histological and de- 
velopmental aspects of anatomy is inserted and much 
of the “applied anatomy” found in the previous 
text is now omitted. The illustrations, few of which 
are original, have been reduced from 472, mostly 
colored in the earlier work, to 324 nearly all without 
color in this volume. The omission of color in de- 
picting nerves, blood vessels, etc. has resulted in con- 
siderable loss of clarity in the illustrations. 

The text is indeed concise yet the author has in- 
cluded many complex anatomical details in his 
account, often without adequate descriptive back- 
ground for their proper understanding. As an ex 

*ConcisE ANATOMY. By Linden F. Edwards, Ph.D., Philadel 
phia, Toronto: The Blakiston Co., 1947 
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ample, chapter 5, ‘““General Neurology,” consists of 
54 pages devoted to detailed condensation of the 
developmental anatomy, histology, and gross anat- 
omy of the nervous system and meninges and to an 
outline of the nervous pathways in the central, pe- 
ripheral and autonomic nervous systems. In addition 
descriptions of the eye, ear, and other sense organs 
are included. (The course and distribution of cranial 
and spinal nerves are described elsewhere in the 
book.) Several complex diagrams of nervous path- 
ways (taken from Morris’ Human Anatomy) are in- 
serted in the chapter. It is doubtful that the begin- 
ner will find this chapter very useful. 

The reviewer is of the opinion that the reading 
audience envisaged in the preface to the book (and 
listed above) is in no position by reason of experi- 
ence to appreciate a condensed treatise on embry- 
ology, histology, neurology, and gross anatomy such 
as has been produced in this text. 

Davin L. Bassett. 


HE more conventional plan of modern treatises 
on the subject of general surgery is presented in 
Cirugia! by Rafael Urzua. It was written for medi- 
cal students in the advanced grades of the Univer- 
sity of Chile, and to them in his preface the author 
addresses sound advice regarding the high ideals ex- 
pected of one who aspires to be the perfect surgeon. 
The author has divided his material into four parts, 
the first of which relates to the general principles of 
surgery, preoperative considerations, the value of a 
surgical team, anesthesia, an evaluation of the vari- 
ous forms of anesthetics and their modes of admin- 
istration, treatments of wounds, burns and shock, 
vascular disorders, tendons, nerves, and orthopedic 
problems including amputations. 

In the second part the surgery of systems is dis- 
cussed under titles of surgery of the neck, thorax, 
extremities, and breast, whereas such subjects as the 
abdominal parietes, hernia, peritoneum, digestive 
tract, and anorectal diseases are included in the third 
part. ° 

The fourth part discusses surgery of the liver, gall 
bladder, pancreas, spleen, kidney, female organs, and 
urogenital diseases. 

The book is purposely without bibliography as the 
author believes surgery is learned not from books 
but from observing it, living it, and perfected only 
by intense study. This book is intended to contain 
only general surgical principles beyond controversy. 
There is a generous smattering of illustrations, all of 
the pen and ink type which are not infrequently in- 
distinct and imperfectly reproduced. 

As far as the text is concerned, the author attains 
the aim of his presentation as the subject matter is 
succinctly treated; at times a single paragraph dis- 
poses an entire subject. This makes the book a 
teaching treatise and permits amplification of speci- 
fic topics by drawing on other sources. It has a synop- 
tic character and because of this its scope appears 


1Crrueta. By Dr. Rafael Urzua, C.C. Santiago, Chile: Edi- 
torial Tegualda, 1947. 
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exhaustless. It should serve as an excellent review 
for students and practitioners. 
STEPHEN A, ZIEMAN. 


HE sixth edition of Recent Advances in Endo 
crinology* comes after an interval of 2 years; dur- 
ing the interim no major changes have been made, 
and save for the addition of a short section dealing 
with the treatment of hyperthyroidism with thiourea 
and its derivatives the present issue consists mainly 
of an extension of previously written chapters rather 
than of correction. As its title implies the book is 
essentially a collation of current knowledge relating 
to the whole field of endocrinology. Each “‘ductless 
gland” is considered in detail, the symptomatology 
of its diseased states is lucidly set forth, the under- 
lying alterations in biochemistry and morbid physi- 
ology are described in detail, and treatment is touched 
upon. The happy result is a well organized and suc- 
cinct general textbook of the glands of internal 
secretion which should be of particular value to the 
student and to the beginner in the subject. The 
author emphasizes principles rather than details of 
therapy, and avoids any generalizations as to treat- 
ment. Hence the worth of the book to the expert or 
to a practitioner engaged in following an individual 
case is somewhat limited. The author has succeeded 
most satisfactorily in epitomizing the entirety of a 
complex branch of medicine, and his exclusion of any 
therapeutic dicta is therefore no doubt proper. To a 
minor extent the volume suffers because of its illus- 
trations which are both old and not well reproduced. 
The appearance of the present edition coincides 
with the death of Dr. Cameron after a protracted 
illness, on September 25. The author had been pro- 
fessor of biochemistry at the University of Manitoba 
since 1919, and has been recognized as a foremost 
authority in his field for the past three decades. 
WAYNE CAMERON. 


HE book, The Foot and Ankle,* which is now in 
its third edition, was written with the stated 
purpose of doing for the foot and ankle what Dr. 
Kanavel did for the hand, that is, “‘to tell the general 
practitioner what to do for the common conditions 
that occur in and around the foot.” The author has 
accomplished his purpose by creating a most inter- 
esting, readable, and workable book that should 
prove of inestimable value not only to the general 
practitioner but to medical students and younger 
orthopedic surgeons as well. It is straightforward in 
style, comprehensive in scope, and contains many 
illustrations of good quality. The author’s device of 
using heavy black margin blocks to summarize 
salient points is a great time saver and also adds to 
its value as a ready textbook. In general this book 
is organized to cover in logical sequence the embry- 
2RECENT ADVANCES IN ENDOCRINOLOGY. By A. T. Cameron, 
C.M.G., M.A., D.Sc. (Edin.), F.R.L.C., F.R.S.C. 6th ed. Phil 
adelphia, Toronto: The Blakiston Co., 10947. 
’THE Foot anp ANKLE; THEIR INJURIES, DISEASES, DEFORM- 
ITIES AND DISABILITIES. 3d ed. By Philip Lewin, M.D., F.A.C.S. 
Philadelphia: Lea and Febiger, 1947. 
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REVIEWS OF 


ology, anatomy and physiology of the foot and ankle; 
the basic principles of treatment; and it then goes 
on to detailed discussions of the various foot condi- 
tions which the author has classified as congenital 
defects, deformities, and disabilities; diseases of 
bones, joints, muscles and nerves; traumatic condi- 
tions of bones, joints, muscles and nerves; paralytic 
conditions; circulatory disturbances; and tumors. 

It would be impossible here to cover even briefly 
each of the major sections as the book consists of 35 
chapters including 806 pages. Special mention 
should be made, however, of the material added re- 
garding military aspects of foot pathology in which 
the author speaks with the authority of one who has 
had wide personal experience, covering both world 
wars. In this section he gives excellent reasons why 
so many more feet were salvaged in the recent war 
than in World War I. 

The summary on treatment of wounds should be of 
great value to military medical men. Later he 
states that 78 per cent of amputees in World War II 
were in need of reamputation and he gives an excel- 
lent résumé of the “do’s and dont’s” of good 
amputation. 

There are many other items which deserve partic- 
ular mention such as the discussion on the recogni- 
tion of, and the relative importance applied to 
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inferior tibiofibular joint disruptions; the excellent 
section on compound fractures; the treatment of 
poliomyelitis; the technique of tendon transplanta- 
tion; the material on vascular and circulatory dis 
turbances; as well as an outstandingly good bibli- 
ography. 

In summary it can be said that this is an excellent 
reference book because of its detail and manner of 
description, even though some of the details are 
rather elementary. The book is complete almost to 
a fault, containing everything from advice to shoe 
salesmen to descriptions of complicated surgical 
techniques, but it covers a wide field and accom- 
plishes its purpose in giving the reader a complete 
text on the foot and ankle. 

FRANK E. STINCRFIELD. 


A CORRECTION 
sk. footnote appearing with the review of A 
Handbook for the Diagnosis of Cancer of the 
Uterus by the Use of Vaginal Smears, by Olive Gates, 
M.D., and Shields Warren, M.D., in the February, 
1948, issue of SURGERY, GYNECOLOGY AND OBSTET- 
RICS was erroneous in naming the publisher. The 
book was published by the Harvard University 

Press of Cambridge, Massachusetts. 
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Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 

AMIABLE AuTOCRAT; A BroGRApHY OF Dr. OLIVER 
WENDALL Hormes. By Eleanor M. Tilton. New York: 
Henry Schuman, 1947. 

TuHE R# FACTOR IN THE CLINIC AND THE LABORATORY. 
Joseph M. Hill, M. D., and William Dameshek, M.D., 
Editors. New York: Grune & Stratton, 1948. 

OPERATIVE GYNECOLOGY. By Harry Sturgeon Crossen, 
M.D., and Robert James Crossen, M.D. 6th ed. St. 
Louis: The C. V. Mosby Co., 1948. 

THE EPITHELIA OF WOMAN’S REPRODUCTIVE ORGANS. 
By George N. Papanicolaou, M.D., Herbert F. Traut, 
M.D., and Andrew A. Marchetti, M.D. New York: The 
Commonwealth Fund, 1948. 

HERNIA; ANATOMY, ETIOLOGY, Symptoms, DIAGNOsIS, 
DIFFERENTIAL DIAGNOSIS, PROGNOSIS, AND TREATMENT. 
By Leigh F. Watson, M.D., F.I.C.S. 3rd ed. St. Louis: 
The C. V. Mosby Co., 1948. 

1947 YEAR BOOK OF OBSTETRICS AND GYNECOLOGY. 
Edited by J. P. Greenhill, M.D. Chicago: Year Book 
Publishers, Inc., 1947. 

RENEWAL PAGES IN THE LOOSE-LEAF MEDICINE OF THE 


"Ear. Edmund Prince Fowler, Jr., M.D., Med. Sc.D. 


New York, Edinburgh: Thomas Nelson & Sons, 1947. 


SKELETAL TUBERCULOSIS. By Vicente Sanchis-Olmos, 
M.D. With a Foreword by Frank R. Ober, M.D. Balti- 
more: The Williams & Wilkins Co., 1948. 

SyMPOsIUM ON MEDICOLEGAL PROBLEMS. Under the 
co-sponsorship of the Institute of Medicine of Chicago and 
the Chicago Bar Association. Edited by Samuel A. Levin- 
son, M.D., Ph.D. Philadelphia, London, Montreal: J. B. 
Lippincott Co., 1948. 

ENDOTRACHEAL ANAESTHESIA. By Noel A. Gillespie 
D.M., B.ch., M.A. (Oxon.); M.D. (Wis.); D.A. (R.C.S. 
Eng.) 2nd ed. Madison, Wisconsin: The University of 
Wisconsin Press, 1948. 

TREATMENT BY Diet. By Clifford J. Barborka, B.S., 
M.S.,M.D., D.Sc., F.A.C.P. 5th ed. Philadelphia, London, 
Montreal: J. B. Lippincott Co., 1948. 

MAN-WEATHER-SuN. By William F. Petersen, M.D. 
Springfield, Illinois: Charles C Thomas, 1948. 

BriTIsH SURGICAL PRaAcTICE. Under the general editor- 
ship of Sir Ernest Rock Carling, F.R.C.S., F.R.C.P., and 
J. Paterson Ross, M.S., F.R.C.S. Volume 1. London, 
England: Butterworth & Co. (Publishers), Ltd.; St. Louis, 
Missouri: The C. V. Mosby Co., 1947. 

RHEUMATISM AND Sort TIssuE InjuRIES. By James 
Cyriax, M.D., B.Ch. (Cantab.). New York, London: Paul 
B. Hoeber, Inc., 1946. 

LEHRBUCH DER GEBURTSHILFE. Vols. I and II. By 
Prof. Dr. Th. Koller. Basel, Switzerland: S. Karger, 
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MEDICAL AND SURGICAL SUPPLIES 
DESPERATELY NEEDED IN 
WAR-DEVASTATED AREAS 

(rersical sop aid in the form of medical and 


surgical supplies from America is needed to 

prevent widespread suffering and death among 
the peoples of war-devastated areas throughout the 
world. The undersigned earnestly request all mem- 
bers of our profession to help us provide such aid 
through the Medical and Surgical Relief Commit- 
tee, Inc. 

During the past seven years, with little publicity 
and modest financial support, this Committee has 
provided more than a million dollars worth of des- 
perately-needed medical, surgical, and dental sup- 
plies and publications to stricken areas overseas. 
These materials are sent to hospitals, physicians, and 
dispensaries giving free medical care to the needy. 

Our colleagues in Europe and the East are still 
faced with an appalling lack of basic medical equip- 
ment. Some have not even seen a medical journal or 
textbook printed since 1939, and are woefully unin- 
formed of many of the latest medical advances. 

We are able to do a great deal to alleviate this 
situation through the Medical and Surgical Relief 
Committee which receives, sorts, reconditions, and 
ships material—ranging from physicians samples to 
used instruments—in response to authenticated ap- 
peals from overseas. 

The items most consistently requested and most 
vitally needed are: 

Microscopes 
Penicillin 

(Crystal, Ointment, Tablets) 
Quinine—tablets, capsules 
Rubber sheeting and tubing 


Santonin and combinations 
Scientific apparatus 


Adhesive tape 
Ampuls—all types 
Anesthetics (local, general) 
Antiseptics 

Aspirin 

\spirin combinations 
\utoclaves 


bottles Sedatives 
cereals Standard Medications for va- 
Baby < clothes rious conditions 


Sterilizers 

Streptomycin 

Sulfas—tablets and liquids 

Surgeon’s gloves 

Surgeon’s needles 

Surgical instruments 

‘Thermometers— 
(Fever—F. or C.) 

Vitamins—all types and 
syringes strengths for children and 

Liver and iron capsules adults 

-and the most pressing need of all is for recent medical, surgi- 

cal and dental textbooks and journals. 


food 

(nipples 
Cod liver oil 
Cotton —gauze—all forms 
Dietary supplements 
Germicides 
Hospital ware 
Hot water bottles and syringes 
Hypodermic needles and 


Please forward any such supplies which you and your 
hospital can donate to this great need to: 

The Medical and Surgical Relief Committee, Inc. 
Room 328, 420 Lexington Avenue 

New York 17, N. Y. 
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We urge you to lend your support to this vital 

work! 

The Medical Advisory Council to the Medical & Surgical Relief 

Committee, Inc.,—Allen O. Whipple, M.D.—Chairman 

Arthur W. Allen, M.D., Howard K. Gray, M.D., 
Boston, Mass. Rochester, Minn. 

H. C. Bazett, M.D., John Kemper, M.D., 
Philadelphia, Pa. Ann Arbor, Mich. 

Henry W. Cave, M.D., Charles C. Lund, M.D., 
New York, N. Y. Boston, Mass. 

Warren H. Cole, M.D., Roy D. McClure, M.D., 
Chicago, Il. Detroit, Mich. 

Loyal Davis, M.D., Howard Nafiziger, M.D., 
Chicago, Ill. San Francisco, Cal. 

John M. T. Finney, Jr., M.D., Alton Ochsner, M.D., 
Baltimore, Md. New Orleans, La. 

W. Edward Gallie, M.D., I. S. Ravdin, M.D., 
Toronto, Ontario, Canada Philadelphia, Pa. 

John H. Gibbon, Jr., M.D., Carnes Weeks, M.D., 
Philadelphia, Pa. New York, N. Y. 


THE USE OF THE TERM, 
“WERTHEIM OPERATION” 


To the Editor: The revived interest in the surgical 
treatment of cancer of the cervix raises the question 
of terminology for the procedures employed. The 
use of the expression ‘Wertheim operation” is wide- 
spread for any procedure that is supposed to be radi- 
cal for resection of the uterus and its adnexa. The 
question of this terminology would be of little im- 
portance in itself and would hardly justify comment 
were it not for the fact that it entails certain inac- 
curacies and confusion in the discussion of results. 

In 1900 Wertheim of Vienna reported 24 opera- 
tions upon carcinoma of the cervix in which some 
parametria was excised; in some instances the lower 
segment of a ureter involved by the tumor was also 
removed and the upper segment implanted into the 
bladder. Lymph nodes, macroscopically involved, 
were excised singly or in small groups. A perusal of 
the report reveals the wide variation in extent of 
resection among the patients described. In most 
instances a small cuff of vagina, not far beyond the 
tumor, was resected. In other instances, most of the 
vagina was removed. 

Bonney was one of the staunch proponents of the 
surgical treatment for carcinoma of the cervix dur- 
ing the years when little else but irradiation was gen- 
erally advocated. He referred to the operation per- 
formed by himself as “‘Wertheim’s operation” and 
this contributed in no small measure to the estab- 
lishment of this term, at least in the English and 
American literature. Bonney carried out a more 
radical procedure than originally described by Wer- 
theim and emphasized systematic pelvic lymph node 
dissection in stages which the latter did not carry 
out. More recently in Meig’s writings on the sub- 
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ject, he refers to the radical hysterectomy with pel- 
vic node dissection which he has developed as a 
Wertheim operation. Here, again, his procedures 
are more radical than those carried out by Wertheim 
and are more systematically extensive than can be 
witnessed in the Vienna gynecological clinics today 
and referred to there as Wertheim operations. 

Many operators, in carrying out some type of 
radical hysterectomy for cervix cancer likewise des- 
ignate their procedures as ‘‘Wertheims.” The writer 
has witnessed operations, and observed the resulting 
surgical specimens, which in fact were supravaginal 
panhysterectomies without systematic lymph node 
dissections and with relatively little pericervical tis- 
sue removed, that were designated as “Wertheim 
operations.” 

Obviously when the results of the surgical treat 
ment of cervix cancer are discussed on the basis of 


significant series of cases, there will be a rather wide 
divergence in what has been achieved by the “‘Wer 
theim operation.” Under this heading will be grouped 
the stereotyped panhysterectomies that have been 
designated “‘Wertheims,” as well as the more radical 
procedures with systematic lymph node dissections. 

It would appear, therefore, that there will be ad- 
vantages in the substitution of the term “‘Wertheim 
operation” by more accurately descriptive terminol- 
ogy such as “radical panhysterectomy” with or with- 
out “limited pelvic lymph node dissection,” or “with 
systematic iliac, hypogastric and obturator node 
excisions.”” Another designation might be “radical 
panhysterectomy with en bloc pelvic node resection.”’ 
With more accurate designations, the achievements, 
favorable and unfavorable, of the operations might 
be more correctly evaluated. 

ALEXANDER BRUNSCHWIG. 


CLINICAL CONGRESS 


OF AMERICAN 


COLLEGE OF SURGEONS 


THE FORUM OF FUNDAMENTAL PROBLEMS FOR 
SURGICAL SPECIALISTS 


HOWARD C. NAFFZIGER, M.D., F.A.C.S., San Francisco, California 


T the annual Clinical Congress of the Ameri- 
can College of Surgeons in the past several 
years, the Forum on Fundamental Surgi- 
cal Problems has demonstrated its value 

and wide popularity. It was instituted to provide 
an opportunity for the young progressive re- 
searcher to present his work. Its appeal to such a 
large proportion of the members has been a source 
of great satisfaction to the College. Its value to 
the specialist was not fully appreciated at the be- 
ginning, but it is recognized now that a much 
needed opportunity is offered for specialists in all 
surgical branches to keep abreast of progress in 
the fundamentals. 

Attendance at the Forums is huge and selection 
of this part of the program by such large audiences 
has a special significance. The specialists in fields 
other than general surgery have their own so- 
cieties, meetings, and personal contacts; often 
they have little time and little opportunity to learn 
of progress outside their own particular bailiwick. 
At such a Forum as this, the principles of manage- 
ment of infection, nutrition, improvements of 
anesthesia, the use of blood fractions and blood 
substitutes, and many other matters are presented. 
These are of immediate concern to each and every 
practitioner, regardless of his specialty. 

The Clinical Congress permits the specialist to 
renew acquaintance with fundamentals and to 
keep abreast of the broad advances which con- 
tribute to the welfare of all patients. The subsidi- 
ary trickles, continuously adding to the stream of 
medical knowledge, are increasing its volume and 
the speed of its flow, so that if we are not in it but 
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remain on the bank, we are promptly left behind. 
The language of the medical sciences must not be- 
come a foreign tongue when the days of our medi- 
cal school teachings are past, and the Forum offers 
an excellent opportunity as a refresher course. 

The specialties are becoming more and more in- 
dependent and autonomous. This is evident in 
the tendency toward their establishment as sepa- 
rate departments in our medical schools and by 
the creation of their own boards of certification 
and their own special societies. This development 
has its advantages and its drawbacks. It makes 
for progress in a narrowed field but inevitably 
tends toward separation from the broad base of 
Medicine. If this divergence proceeds too far, the 
superstructure of specialism lacks a sound founda- 
tion. With this specialism, which has reached its 
height in this country, and with no signs of a 
tendency to abate, who is to contribute to progress 
in the fundamentals? So far, progress has come 
largely from the preclinical and basic sciences. On 
the clinical side, the general surgeons are the par- 
ticular ones who have contributed the most. 
Should we as specialists look to that particular 
specialty called General Surgery to carry on in- 
vestigations and be responsible for the teaching of 
the basis of all surgery? It would seem that if the 
specialties and the specialists are to be worthy of 
their independence, their interest in broad funda- 
mentals must not only be maintained, but they 
should contribute to knowledge in the funda- 
mentals as well as in their own special precinct. 
This is the obligation that is assumed along with 
independence. The Forum, therefore, fills a special 
need for the specialist and it welcomes his attend- 
ance and his contributions. 
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Ohio Medical Gases include Nitrous Oxid—Ethylene— 
Cyclopropane—Oxygen—Carbon Dioxid—Oxygen-Car- 
bon Dioxid Mixtures—Helium—Helium-Oxygen Mixtures 





the “Ohio” label that certifies this quality and 
purity to you. 


It’s what you can't see that makes “Ohio” the brand 


Within the cylinder a clear, eaten substance— 
ae lee to specify when you order Nitrous Oxid. 


partly liquid and partly gas. To keep Ohio Nitrous 
Oxid absolutely pure, cleanliness is a fetish with us. 
In order to assure purity of content, each empty 
cylinder is carefully inspected, painted, then thor- 
oughly cleaned by vacuum to remove any trace 
of foreign substance. Next comes the filling and 
the final tests for quality and purity; last of all 


¢ @ Manufacturers of Medical Apparatus, Gases, and Supplies 
for the Profession, Wespitals and Research Laboratories 
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The Ohio Chemical & Mfg. Co., 1400 East Washington 
Ave., Madison 3, Wisconsin—Represented in Canada 
by Oxygen Company of Canada Limited, and inter- 
nationally by Airco Export Corporation, New York. 
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A REPRINT... 


By popular request we are reprinting a Simplified List of B-D 
Hypodermic Needles, in accordance with Recommendations by the 
Committee on Purchasing, Simplification and Standardization of 
the AMERICAN HOSPITAL ASSOCIATION. 

This list was first printed and made available to hospital per- 
sonnel by B-D shortly after its acceptance by the American Hos- 
pital Association in December, 1944. 








ITEM GAUGE AND LENGTH TYPE SOME USES 

1 LNR 26Gx 2” R.B. Regular Luer Intradermal hypodermic 

2 LNR 25Gx %” R.B. Regular Luer Hypodermic and local anesthesia 
(raising wheal) 

3 LNR 24Gx%” R.B. Regular Luer Intravenous (syringe) and varicose 
veins 

4 LNR 22Gx1%" S.B. Regular Luer Intravenous (syringe) and fontanel 

S$ 4S5LNR 22Gx 2” Regular Luer Anesthesia 

6 45LNR 22Gx 3” Regula: Luer Anesthesia 

7 LNR 20Gx 1%” S.B. Regular Luer Intravenous (gravity), intravenous 
anesthesia, intraperitoneal (saline, 
Neosalvarsan), assermann 

(7a) * 

8 LNR 20G x2” Regular Luer Intramuscular 

9 LNR 18Gx2” S.B. Regular Luer Hydrocele and phleboclysis aspirating 


and pneumothorax blood transfu- 
sion; intraperitoneal, intramuscu- 
lar and jugular 


10 LNR 19Gx3” Regular Luer Hemorrhoidal and hypodermoclysis 

11 LNR 15Gx 3%" Regular Luer Aspirating 

12 45LNR 20G x 4” Regular Luer Local anesthesia, hemorrhoidal and 
intracardiac 

13. 45LNR 20G x 6” Regular Luer Local anesthesia 

14 462LNR 20G x 32” Quincke Spinal with stylette Sacral and spinal anesthesia 

15 462LNR 22Gx 2” Quincke Spinal with stylette Children’s spinal 

16 P462LNR 22G x 3” tPitkin Spinal with stylette Spinal anesthesia 

17. 461LNR 19Gx 3/2” Spinal with stylette Spinal diagnostic 

18 465LNRC Regular Curved Tonsil Tonsil 

19 465LNRS Regular Straight Tonsil Tonsil 

20 480LNR 15Gx 2” S.B. Hose hub needle Phlebotomy and blood transfusion 
blood bank donor 

21 480LNR 17Gx 2” S.B. Hose hub needle Blood bank—recipient 

22 480LNR 18Gx2” S.B. Hose hub needle Blood bank—children 


*LNR 206 x 1%" Regular Bevel added to list by Becton, Dickinson & Co., as a recommendation 
for i L dministration of penicillin in oil and beeswax. 





Pitkin” is a registered tratle-mark of Becton, Dickinson & Co. 








Consult your supplier for a complete list of needles available 
from which the above have been selected. 

For maximum performance, we suggest the use of Yale B-D 
Lok-Needles with Yale B-D Lok-Syringes. 


Becton, DICKINSON & Co., RUTHERFORD, N. J. 
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